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ABSTRACf 
This study is a part of an environmental impact assessment of 
the Gulf War on the desert and the coastal zones of Kuwait. Due to 
the appearance of many new surface features, a study was necessary 
to characterize their spectral signatures as detected by Landsat 
Thematic Mapper (TM) data. A sophisticated image analysis was 
applied to the Landsat TM scene. An unsupervised classification 
technique produced a thematic map of the area. 
Data was collected on the ground at eighty sites in southeastern 
Kuwait. A radiometer (SE-590) was used to identify the spectral 
reflectance of desert surface features. A Global Positioning System 
(GPS) reading on each site was also recorded to register accurately 
the field observations on a specific pixel from over 72 million pixels 
in the lower right scene of Kuwait. 
Field data were collected on surface feature color, soil grain 
stze, vegetation types and density, and the amount of oil or soot 
uii 
contamination. Statistical correlation's and companson of Landsat 
and the SE-590 measurements in the visible and near-infrared bands 
describe the interaction between radiation and different desert 
surfaces. The oil lakes class was identified to have the lowest 
reflectance of all the classes. Brightness values gradually increase as 
less oil, soot or desert vegetation is found. The highest brightness 
value belongs to the class which represents active sand. 
uiii 
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CHAPTER I 
Introduction 
The Gulf War was conducted on an area sensitive to 
environmental change because it is deltatic land, El-Baz (1993a). The 
most apparent ecological impacts of the war activities are, the 
burning of over 732 oil wells, the creation of enormous oil lakes, the 
long trails of soot, and massive disturbances of the desert surface. 
The disturbances were caused by the movement of over 1.5 million 
soldiers and their heavy vehicles. 
The digging of trenches and the building of sand walls were 
two of the main causes of surface disturbance in the area which was 
already under severe degradation (Khalaf, 1988) and suffers a great 
deal from sand and dust storms. These activities increased the sand 
mobility, caused the formation of new sand dunes and enlarged old 
dunes (Al-Ajmi et al., 1993), threatening farms, habitation sites, and 
industrial and military installations in the open desert. 
The a1m of this study was to identify and characterize desert 
surface features by their spectral signatures as recorded by the 
Landsat TM. In this thesis, ten chapters are devoted to the 
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investigation of desert surface features in southern of Kuwait. 
Chapter 2 describes the location, topography, and climatic conditions 
of Kuwait. In chapter 3 the impact on the desert surface from the 
Gulf War, is highlighted, and the Iraqi army movement from the first 
day of the invasion through the eight months of occupation is traced. 
The fourth chapter includes the background of the study, and shows 
how remote sensing has been used as a tool to characterize and 
monitor desert surface features. Chapter 5 lists the laboratory 
observations that were made prior to the field investigations by 
using maps of different scales and satellite images acquired on 
different dates. 
Chapter 6 discusses field activities and locations of each test 
site. Chapter 7 clarifies the statistical correlation of the field data and 
the 12 spectral classes that were produced by unsupervised 
classification. It also illustrates the comparison plots of the 
radiometer calculations and the satellite measurements for selected 
test sites that were located by the Global Positioning System (GPS). 
Chapter 8 discusses the result of cross classification of spectral 
classes and field observations in a contingency table. The chapter 
also shows the final results of the radiometer calculations and the 
satellite measurements for the selected test sites. The interaction 
between radiation and different desert surface features is also 
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discussed and the location of the best areas for each class was 
identified. 
Chapter 9 deals with the accuracy of this study in which 
different classes were identified by their spectral signatures, as 
measured by Landsat TM data, and by the radiometer measurements 
which were taken at selected test sites in southeastern Kuwait. 
Chapter 10 is the last in the thesis. Recommendations are given to 
provide an outlook for the use of remote sensing technology to 
monitor the country's natural resources at a low cost yet with 
maximum benefits. It is suggested that remote sensing be used in 
planning for agriculture, military, industrial, and urban 
developments. 
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CHAP'IER2 
Kuwait on the World Map 
Kuwait occupies the northeastern corner of the Arabian 
peninsula between 28°45, and 30°05, North latitude and 46°30, and 
48°30, East longitude (Figure 1). It lies on the northwestern coast of 
the Arabian Gulf, which forms the eastern boundary of the country 
with a coastline that stretches for 290 kilometers. The country shares 
a border of 240 kilometers with the Republic of Iraq from the north 
to the northwest and a border of 255 kilometers with the Kingdom of 
Saudi Arabia from the south to the southwest. Kuwait occupies 
17,818 square kilometers of land with the longest distance between 
north and south being 200 kilometers and 170 kilometers bring the 
longest distant from the east to west. A population of 2.1 million was 
estimated in 1990 (Kuwait, 1988a). 
Except for a few rocky hills, the surface topography of the land 
IS a flat, sandy desert that slopes gently from the west at the Al-
Shigaya and Al-Salmy area with an elevation of 284 meters above 
mean sea level in the west. Among the hills is the Jal Al-Zoor 
escarpment with heights of 145 meters. It stretches from Al-Subbiya 
5 
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Figure 1: The Arabian Peninsula. 
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area m the northeast and ends at the edge of Al-Jahra on the 
west, overlooking Kuwait Bay to the south. The Al-Layah hills and 
Kira Al-Maro are located to the northwest of Al-Jahra Town (Figure 
2). 
The coastal zones of Kuwait include the coastline along the 
Arabian Gulf, and a segment at Khor Al-Subbiya in the north the 
coastline, which includes Kuwait Bay until Kuwait City or Raas Al-
Salmaih in the south. Other coastal zones occur around the off-shore 
islands. The only inhabited island is Failaka with a population of 
5826 in 1985 and which increases at an estimated rate of 980 every 
five years. The island occupies 240 square kilometers and has an 
elevation of 10 meters above sea level. Fail aka Island is surrounded 
by smaller Islands: Miskan to the north, Auhha and Umm Al-Namel 
to the south. Also at the southeast of the mainland, smaller islands 
exist such as Kubbar, Qaruh and Umm Al-Maradim, which are known 
as nesting places of seasonal immigrant sea birds (Kuwait, 1988b ). 
The weather conditions of Kuwait fall within the arid regwns 
category of the Sahara geographical belt. Rainfall recordings for the 
past four decades average 155 mm per year with the a low point m 
1964 measuring 25 mm, and a record high of 375 mm measured m 
1972; with daily evaporation averages 6.6 mm (Khalaf and Al-Ajmi, 
1993 ). Hot and dry conditions are two characteristics of the climate 
in Kuwait with summer as the longest season, starting at the 
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beginning of April and ending in October. It is followed by a modest 
to cold winter extending from November to February. March has 
been reported by Al -Ajmi and · Safer (1987) as the transitional period 
from winter to summer. · . 
Summer weather in Kuwait is a product of two major pressure 
systems, the high of the Mediterranean, and the low· of the Monsoon 
pressure system. These systems! with the . )1-igh pressure over central 
. . 
Saudi Arabia and low pressure over the .. Gu.lf of Oman (Ali, A., 1991) 
control the wind direction, speed and· pattern, causing sand and dust . 
storms and variations in above-surface temperature. The highest 
temperature ever recorded was 51° C in July 1978 and the lowest 
was -6° C in January 1964. 
The Arabian Gulf regwn, in particular Kuwait, suffers from 
much rising dust and numerous sand storms locally called Al-
Sarrayat. These storms are mostly active from April to mid-May. 
Other names are given as Al-Simoom and Toz for the frequent sand 
and dust storms after mid May until the following winter season. 
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CHAPTER3 
The Surface Impact of the Gulf War 
In the early mormng hours of Thursday, August 2, 1990, the 
Iraqi army crossed the international boundary between Kuwait and 
Iraq and planned to seize Kuwait City from three directions. The first 
army division moved south through the Al-Abdally border point, 
moving along the highway from the north to Al-Jahara, se1zmg all 
territory in between. The other two army divisions seized the Ali As 
Salem air-base in the northwest of Kuwait, and advanced to Kuwait 
City. At the end of the day, the northern most part of Kuwait to 
Kuwait City were in the hands of the Iraqi army. 
On the following day, the Iraqi army occupied all of Kuwait 
from Kuwait City to the coastal zone, reaching Al-Khafji at the border 
with Saudi Arabia. The invaders then began to dig extensive trenches 
along the beaches at a depth of 150 em starting at the border with 
Iraq ending at Al-Khafji. It has been estimated that, the Iraqi forces 
consisted of 750,000 soldiers, 3,500 tanks, 2,500 armored personnel 
carriers, and 1, 700 artillery pieces. 
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The movement of these troops and their military machines 
caused massive disturbance to the desert surface of Kuwait. 
Furthermore, Iraqi troops dug large ditches along the border of Saudi 
Arabia. These ditches were filled with crude oil to slow down the 
advance of any coalition offensive movement. Behind these ditches 
were sand walls, mine fields, and long chains of barbed wire. Other 
ditches were used to hide tanks, large guns and other armed and 
heavy vehicles. 
The movement of heavy machines disturbed the newly-built 
network of highways. Other destruction was caused by the building 
of new desert roads distorting the natural habitat of desert 
vegetation. All such disturbance are visible when two satellite 
images are compared before and after the war. However it may not 
be possible to detect the destruction in the urban areas, nor the 
constriction of roads which built during the invasion and throughout 
the occupation due to the massive changes which occurred at the 
time of the liberation of Kuwait. 
The Iraqi army controlled the capital Kuwait City and other 
important sites such as the Amir's Palace and all functioning 
ministries. The invading army also cut communications between 
Kuwait and the outside world by bombing all television, radio and 
telephone towers around the country and imposing the broadcasting 
of Iraqi's propaganda through its own media. The invading force was 
1 1 
interested m seizing the three main seaports, water and electrical 
plants, oil fields, and the main crossroads and highways. 
Since the day of the invasion, and through the eight months of 
occupation, the physical features of the desert surface have been 
affected by both the placement of land mines and by post-war 
clearance of mines and unexploded ordinance. The seasonal and 
perennial desert vegetation was also severely affected by the 
movement of over 1.5 million soldiers on both sides of the Kuwaiti-
Saudi border over a small area with great environmental sensitivity. 
As El-Baz ( 1993 b) reported, the terrain of the flat desert was 
massively disturbed by the digging of trenches, the building of walls 
of soil and the destruction of the natural desert pavement of lag 
deposits (the disturbance of a one-grain-thick layer of pebbles on 
the desert floor exposed the subsurface soil beneath to wind action). 
Military activities changed the contours of the desert surface, which 
is normally flat land, by increasing the resistance to the wind and the 
potential of particle transport until the land was peneplained. This 
condition increased the frequency and ferocity of dust and sand 
storms in the regiOn. The storms have enlarged old sand dunes and 
formed new dunes, which threaten farms, habitation sites, and 
industrial and military installations in the desert. 
12 
The most visible environmental effect of the Gulf War is the 
damage caused by the explosion of 732 oil wells. The smoke, oil 
droplets and soot released from these explosions covered an area of 
940 square kilometers (El-Baz et al., 1993), with oil lakes covering an 
area of 49.1 square kilometers. The appearance of these new 
features necessitated a study to characterize their spectral responce 
as detected by satellite sensor. 
13 
CHAP1ER4 
Identification of Desert Surfaces by Remote Sensing 
Remote Sensing as a Monitoring Tool 
For the past two decades, remote sensmg has been used 
successfully to study, map, and monitor desert surfaces. It has made 
it less difficult to examine large desert surfaces, which contain a 
variety of different features. Researchers of different backgrounds 
(e.g., El-Baz et al., 1979; Tueller, 1987; Pouget, 1984; and Hellden and 
Stern, 1980) have used remote sensing in desert-related studies and 
reached significant results by monitoring the desert surface features. 
Vegetation is one of the desert surface features which Cook and 
Warren successfully monitored in 1973. Evans and Thames (1981) 
reported that the vegetation is a product of the latitude, longitude, 
and altitude of the site on the earth's surface. 
Griffiths and Collins (1982) state that the relationship between 
vegetation and the spectral responce ts an important factor in 
classifying the vegetation cover. In 1982 they investigated an arid 
land area in Kenya and found that only two plant species can be 
accurately mapped at a scale of 1 :250,000. At a later stage in their 
research, they examined the relationship between vegetation 
14 
spectral responce and the Landsat radiance value, where a low value 
means a mix of vegetation and soil responce m desert regions. The 
result of a supervised classification was misleading, but they 
classified the image to identify the vegetation cover type by using 
density-slicing of band 5 and band 7 with species composition 
variation. The results of the study were useful in showing a new way 
to map the spatial and temporal variation of the greenness of the 
vegetation cover between a dry season followed by a wet season in a 
Landsat scene. 
In 1983 Griffiths and Collins created a two-dimensional scatter 
plot for all Landsat bands in combination with field data and aerial 
photographs to describe the distribution in multispectral data of the 
three ground cover characteristics. The resulting plot showed soil, 
dried vegetation, and green vegetation makes a corner in a triangular 
shape in a pixel count model. 
Huete et al., (1985) reported on the potential capability of 
Landsat m the verification of desert surfaces. These authors also 
reported that the spectral responce of a surface feature depends 
upon the soil grain size, soil wetness, vegetation density. They also 
reported that it is not easy to discriminate between soil and low 
vegetation density where soil in the desert regions gives a high 
spectral responce because the top soil had been subjected to wind 
action and particle movement on the desert surface. 
15 
Monitoring Sand Activity 
Sand dunes are the result of sand movement, accumulation and 
transportation, caused by wind action. Assessment of the sand 
mobility can quantify the speed at which the sand dunes move. 
Maxwell and Haynes (1989) reported that the ability of the frequent 
coverage of TM data over a short period of time allows the 
monitoring of sand dune mobility. It is known that desert regions 
contain sparse or no vegetation. In comparison with areas with less 
sand mobility or inactive sand, there is more vegetation such as 
shrubs or grasses which slow down sand transportation. Blount et al. 
( 1986) were the first to show that active sand is brighter than 
inactive sand m the visible, near-infrared and mid-infrared. Grain 
size and the composition are the causes of this higher spectral 
res ponce. 
Soil Suitability 
Soil suitability is a maJor factor in keeping the land at a certain 
level of productivity. Many techniques have been used to prevent 
land deterioration. In agricultural regions the soil is analyzed, 
studied and mapped by remote sensing techniques at a lower cost 
yet than by other techniques used in the last decades . Huete and 
Jackson, (1984) stated that the reflection of desert surfaces depend 
upon the vegetation density, surface roughness (as Jal AL-Zoor 
escarpment and trenches in Kuwait), soil texture (hydrocarbon cover 
1 6 
from soot deposit and other minerals), and soil moisture (as in 
Sabhka areas or beaches). In this study the unsupervised 
classification resulted in 12 spectral class which was influenced by 
the soil texture, soil moisture, and surface roughness. 
Biophysical Properties of the Soil 
Huete and Escadafall (1991) described the biophysical soil 
properties where soils are heterogeneous and contain solid materials, 
organic particles, liquid, and gas. They stated that soil may consist of 
50% pore space with spatial and seasonal differences which control 
the soil content of liquid and gas. They reported that the solid part of 
the soil contained a complicated genetic mixture of basic earth's 
minerals in the sand and silt portion, clay minerals, orgamc 
polymers, and secondary mineral coatings. Due to the presence of 
rocks, litter and surface roughness, the spectral responce of the soil 
surface would be hard to distinguish. Furthermore brightness value 
would differ from sensor to sensor due to differences in soil 
illumination conditions. 
The higher responce of a soil can explain the optical behavior of 
the soil surfaces. Moreover, the difference in soil surface responces 
due to the ability of the soil to absorb incoming radiation and the 
amount of soil absorbency are measured by using the ratio of the 
visible and infrared bands, where it usually forms a curve indicating 
soil conditions and texture. 
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In the past, many attempts to specify soil reflectance behavior 
indicated that absorbtion can be found in the shorter wavelengths 
and higher reflection can be found in the longer wavelengths. Stoner 
et al.,(1980) presented five curves from a study using 485 wetted 
soil samples over the shorter wavelengths of 0.52 to the longer 
wavelengths of 2.32. 
Ringrose et al., (1989) illustrated that the spectral responce of 
vegetation is usually lower than the soil responce in all bands except 
when the soil originally contained dark colors, which is one of surface 
characteristics that was investigated in southern Kuwait. This lower 
responce is due to the cover of dry vegetation in drought seasons and 
the shadow and dead material associated with high soil reflectance 
(Ringrose and Matheson, 1987). They reported the spectral responce 
of surfaces in the desert environment are affected by the climatic 
conditions, caused by the latitude, longitude, and altitude of the area. 
Also, humidity and other factors such as mineralogy and the texture 
of soil found in desert areas with the accumulation of salt and 
iron(II) and iron (III) oxides darken the soil responce if the area has 
received high rainfall. The past geologic history of the area can also 
cause this effect. 
1 8 
Soil Particles Index 
Understanding of soil reflectance and the calculations of the 
albedo can lead to the understanding of light interaction with soil 
particles, which produces a list of soil particles index (Twomey et al., 
1986). Since the index of refraction depends on the atomic and 
molecular characteristics and on the natural formation of the soil 
particles, these authors found it possible to correlate quantities of 
soil surfaces to index of refraction of each particle in the soil. In the 
same publication, they also describe how to make models of the soil 
particles index more realistic by using other factors such as relating a 
single scattering albedo. However, these suggestions were made to be 
used by hand held scanners and not Landsat or any other satellite 
scanners. 
Numerous attempts were made smce the launch of the first 
Landsat satellite in 1972 to monitor and identify the earth's ability 
to reflect sunlight. This reflection is the result of energy interaction 
with soil, vegetation or water which cover the earth's surface and is 
measured by the Landsat. Asrar (1989) summarized the previous 
studies of soil by remote sensing in his book. 
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CHAPTER5 
Study of Pre-and Post-War Landsat TM Data 
Topographic Data 
Observations were made of three types of maps from the 
Kuwaiti Ministry of Defense of varying scales; 1) SERIES number 
K7611 and EDITION number 2-GSGS, at the a scale of 1 :50,000; SHEET 
numbers 5448-11, 554 7 -I, 554 7 -II, 554 7 -III, 5548 -I, 5548-11, 
5548-111, 5648-III and 5648-IV; 2) SERIES numbers 1501, 1501AIR 
and EDITION numbers 6-GSGS, 4-GSGS, 5-GSGS at the scale of 
1:250,000 and SHEET numbers NH 38-8, NH 38-12, NH 38-16, NH 39-
9 and NH 39-13; and 3) SERIES numbers TPC and ONC, and EDITION 
numbers (3, 6-GSGS and 6-GSGS), at the scale of 1:1,000,000 and 
SHEET numbers H-6A, H-6B and H-6. 
Satellite images 
Satellite images were the most important data interpretation 
for studying the surface disturbances due to the Gulf War and for 
identifying desert surface features by their spectral reflectance 
properties as recorded in the Landsat TM data. 
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Kuwait is covered by four scenes of Landsat TM data (Figure 3 ): 
the first scene covers the northwestern portion of the country in 
path 166 and row 039; the second covers the western portion of the 
country on path 166 and row 040; the third covers the northeastern 
part of the country on path 165 and row 039; the fourth covers the 
southeast of the country on path 165 and row 040. 
Two set of images covenng the entire country for two dates, 
June 25, 1989 and November 14, 1991 (the first after distinguishing 
the last oil well fire), were obtained from EOSAT, to show the 
condition of the country before and after the War. 
Selection of the Scene 
The scene that covers the southeastern part of Kuwait (Figure 
4) contains a variety of changes and damages caused by the war. The 
scene shows the largest amount of airborne oil deposits extending 
from Kuwait International Airport to the border of Saudi Arabia. This 
scene also contains the full range of classes that were created after 
the war (Figure 4 and 5). 
The scene (Figure 4) also contains four maJor oil fields, Al-
Magwa, Umm Gudair, Al-Ahmadi and Al-Burgan with a large portion 
of the deposits from Al-Managish and Al-Wafra oil fields. The three 
oil fields of Al-Magwa, Al-Ahmadi and At-Burgan oil lakes and new 
roads which were built by fire fighting crews, and became clearly 
21 
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Figure 3: The four Landsat TM Scenes Covering Kuwait. 
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Figure 4: Landsat Thematic Mapper image covering the 
Southeastern part of Kuwait ( 4,3 and 2 ). 
23 
visible in the post-war colored-composite Images. Since the 
November 14,1991 scene was obtained so close m time to 
extinguishing of the last oil well fire, it represented a clear picture of 
the damages, disturbance and pollution caused by the war. 
Unsupervised Classification 
An unsupervised classification uses multivariate statistics, 
which represents the most common approach for analysis of 
multispectral data such as the Landsat TM data. This technique uses 
different clustering algorithms to define the base of multivariate 
classes by comparing each pixel with other pixels in the scene and 
the result is to cluster pixels sharing the same surface characteristics 
in distinct spectral classes. Some of the classes that were generated 
by clustering algorithms would not be apparent to an analyst without 
the unsupervised classification technique, because it Is difficult to 
define visually the exact boundary for each spectral class. The 
technique uses preferably high speed computers with a large 
memory. 
The Landsat TM data of 1991 (figure 4) were read into a Sun 
computer system using image processing and analysis software (PCI). 
The unsupervised classification technique was performed on a SUN 
SPARC station with extra large memory "not less than 1 gigabytes" 
to hold the southeast TM scene of Kuwait as a raw data. All bands of 
the TM data form the visible range in the spectrum which includes 
24 
the blue light measuring approximately from 0.45 to 0.52 Jlm; green 
light, from 0.52 to 0.60 Jlm and red light, from 0.63 to 0.69 Jlm. At 
the end of the visible light in the electromagnetic spectrum there are 
three categories of infrared: near-IR measuring, from 0. 76 to 0.90 
Jlm; mid-IR from 1.55 to 1.75 Jlm; and far-IR from 2.08 to 2.35 Jlm. 
The sixth band (thermal) was excluded because of its difference in 
ground resolution (120 m) from other bands and because it shows 
measures energy beyond 10.4 Jlm. 
An unsupervised classification was performed usmg 20 classes 
at Boston University in the image analysis laboratory. After the 
classification were completed, the output was an undefined thematic 
map containing different spectral classes. These classes were 
assigned to different colors to label and distinguish the boundaries 
between classes by using reference data from topographic maps at 
the scale of 1 :50,000, aerial photographs and ground truth data. Field 
investigation included radiometer measurements and recording of 
surface characteristics to analyze the radiation reflectance behavior, 
where desert surface feature interact with the light and reacts 
differently with the presence of soil, vegetation, water or oil. The 
result (figure 5) was the recognition of the 12 colored classes, 
mapping the different spectral classes in southeastern Kuwait as well 
as other classes that had appeared offshore in the Arabian Gulf 
water. 
25 
Figure 5: The 1991 Landsat TM Bands 1-5 and 7. The unsuper-
vised classifications shows the twelve spectral classes on the 
land. 
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CHAPTER6 
Field Investigation 
Field Activity and Identification of Spectral Classes 
Field investigations were necessary to identify the spectral 
classes that were produced by the unsupervised classification and to 
provide a basis for improving the mapping of environmental damage. 
They included an investigation into the radiative behavior of desert 
surface features based on how they react differently with changes in 
soil color, soil type, vegetation cover, and degree of contamination by 
airborne oil deposits. 
A field excretion was planned in January and February of 
1993, to check the characteristics of the spectral classes that were 
specified by the unsupervised classification (Figure 5). The 
measurements were made m part to catalogue the spectral 
signatures of desert surface features, each of which has umque 
energy reflectance and emittance characteristics depending on the 
feature type and condition. 
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Selection of Test Sites 
Test sites were selected at different areas to investigate and/or 
verify whether the same or different types of characteristics and 
surface conditions exist for the same class (color) in different 
locations throughout the scene (Figure 6). For the purpose of data 
collection, a survey sheet was prepared and filled in for each test site 
(Table 1). Global Positioning System (GPS) measurements were also 
recorded in order to register accurately the information from the 
field to the spectral responce of a specific pixel from over 72 million 
pixels in the lower right scene of Kuwait. Strahler et al., (1986) 
illustrated the fundamental of remote sensing, where they explained 
the relationship between the resolution and pixel size. 
Test sites were chosen in order to cover each class. Because the 
classes are based on spectral responce and not location, a single class 
could have a distribution over many different areas (Figure 5), 
where it might contain the same type of surface or different 
characteristics and conditions exhibiting similar reflectance 
properties. In general differences between surfaces are due to 
variations in of soil types, chemical or mineralogical composition, 
vegetation cover, topography, soot and oil deposits, oil lakes, and 
moisture content (as Sabkha areas or beach in Kuwait). 
28 
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Figure 6: Landsat TM bands 4,3 and 2. Showing the southea-
stern part of Kuwait, with the locational numbers of all test 
sites. 
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Quadrant : 
Name ·of area : 
Test sUe# : 
Class code : 
Time : 
Map location : 
Near reads 1- 2- 3-
Compass : 
GPS · N: E: 
Alm&Pictur&# : 
Others: 
SURFACE CONDmON 
1- Flat sand sheet. 
2- Rocky area. 
3- Sabkha. 
4- Sand dunes. 
a- Active*inactive. 
b- Slope. 
c- Upwind*downwlnc 
d- Others. 
Aeld Notes: 
-----
011 lake 
Smoke deposit 
Venetatlon 
Soli 
Field Notes: 
a- Full. 
b- Drv. 
c- Covered by sand. 
d- None. 
A- Desert veaetatfon. 
B- Trees. 
*TYPE 
a- Dense 
b- Sparse 
c- None 
a- Color 
b- Particle size 
->Clay Sa. Sf. G. 
->Sand c. Si. G. 
->Silt c. Sf. G. 
->Gravel C. Sa. Sl. 
1 
' N 
\0 
30 
Figure 7: An unsupervised classification was applied to the 
1991 Image of Landsat TM data Bands 1-5 and 7, of southern 
Kuwait and all the locational numbers of all test sites are 
indicated. 
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Each class was investigated in more than one locations (Figure 
7) to verify and record differences between desert surface features 
in each location within the same class. Soil samples were collected for 
grain analysis usmg a microscope at the Kuwait Institute for 
Scientific Research. 
Field data were recorded (Table 2) with the survey sheet 
information and then coded (Table 3) to be used for statistical 
analysis. SAS statistical software was used to identify the 
relationship between unsupervised classification spectral colored 
classes and the surface characteristics shown in Table 3. 
Field Measurements 
Measurement were made and recorded on a survey sheet 
(Table 1) for surface color, vegetation type and density, and degree 
of oil pollutants, also a soil sample were collected for microscopic 
analysis of surface type for surface soil grain size. Descriptions of the 
surface characteristics and conditions of selected sites were collected 
and shown in Table 2 to label spectral classes of the Landsat TM 
scene and to correlate field observations and surface conditions with 
the color classes. The data were taken from different test sites 
(Figure 6) for each class depending upon the appearance of the same 
color (class) in different areas. 
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Site No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
~0 
Date 
117193 
117193 
117193 
117193 
117193 
1110193 
1110193 
1110193 
1111193 
1112193 
1113193 
1113193 
1113193 
1113193 
1113193 
1113193 
1 I 13193 
1113193 
1113193 
1116193 
1116193 
1116193 
1116193 
1116193 
111 6193 
1116193 
1 1171g3 
1117193 
1 I 17193 
1117193 
1117193 
1117193 
1117193 
1117193 
1121193 
1121193 
1122193 
1123193 
1123193 
1123193 
Claaa Color 
lG 
00 
m 
R 
L.B 
G 
[R 
R 
R 
m 
[R 
L.B 
m 
DBr 
L.B 
lG 
00 
R 
Br 
[R 
DBr 
DBr 
m 
lG 
Br 
L.B 
G 
DBr 
[l3 
m 
00 
lG 
R 
0 
0 
G 
G 
[l3 
0 
L.B 
GPS SE-590 
N: 29.10.45 E: 47.47.18 0 
N: 29.07.75 E: 47.43.97 0 
N: 29.09.37 E: 47.42.65 0 
N: 29.09.84 E: 47.41.59 0 
N: 29.10.00 E: 47.48.94 0 
N: 29.23.20 E: 47.50.54 X 
N: 29 .22.57 E: 47.49.79 X 
N: 29.22.57 E: 49.49.62 X 
N: 29 .33.42 E: 47.42.44 X 
N: 29 .33.44 E: 47.44.14 0 
N: 28 .58.92 E: 48.07.73 0 
N: 28 .55.67 E: 48.05.25 X 
N: 28 .53.27 E: 48.05.17 0 
N: 28 .49.29 E: 48.02.74 0 
N: -- .--.-- E: --.-.-- 0 
N: 28.42.55 E: 47.58.45 0 
N: 28.41.27 E: 47.50.50 0 
N: -- .-- .-- E: --.--.-- 0 
N: --.--.-- E: --.--.-- 0 
N: 28 .42.15 E: 48.21.40 X 
N: 28 .41.53 E: 48.11 .71 X 
N: 28 .39.98 E: 48.10.44 X 
N: 28 .39.26 E: 48.05.94 X 
N: 28.37.10 E: 48.00.93 X 
N: 28.32.79 E: 47.54 .1 3 0 
N: 28 .33.83 E: 47.47.63 0 
N: 28 .56.81 E: 48.11 .64 0 
N: 28.51 .40 E: 48.01 .92 0 
N: 28 .58.69 E: 47.55.13 X 
N: 28 .58.05 E: 47.52.60 X 
N: 28 .58.02 E: 47.51 .. 7 X 
N: 28.57.49 E: 47.49.21 X 
N: 28 .56.1 3 E: 47.49.09 X 
N: 29 .05.1 0 E: 47.56.31 X 
N: 29.33.52 E: 47.43.21 X 
N: 29.33.39 E: 47.44.28 X 
N: 29.23.71 E: 47.40.56 X 
N: 29 .36 .72 E: 47.54 .84 X 
N: 29.37.93 E: 48.01 .81 X 
N: 29 .36.28 E: 48.05.49 X 
Soil Color Vegetation 
L yellow D.V.Cy+An S. 
L yellow D.V. Co+An S. 
T yellow None 
Lyell ow Trees D. 
Pyellow D.V. Co+CY D. 
P yellow D.V.Co+Z D. 
Pale gray None 
Pale yellow D.V. Co+Z D. 
Pale yellow None 
L yellow None 
Black Damaged 
Tane D.V.Cy S. 
Pale yellow None 
Black Damaged 
yellow D.V.Co+St s. 
Pale yellow None 
Pale yellow None 
Pale yellow D.V.St D. 
Brown D.V.St D. 
Gray yellow None 
Black Damaged 
Black Damaged 
T yellow None 
Pale yellow D.V.Cy S. 
Black D.V.St D. 
L yellow None 
L yellow D.V.LyCoZ D. 
Black Damaged 
Black Damaged 
Tane D.V.Cy s. 
L Tane None 
L Tane D.V.Co+An S. 
Brown D.V.An D 
L Brown None 
DTane None 
L Tane None 
L Tane D.V.Arrfei S. 
Black Damaged 
L Tane None 
I gray yellow None 
Oil Effect 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
Soot 
none 
none 
Soot 
none 
none 
none 
none 
none 
none 
Soot 
Soot 
none 
none 
Soot 
none 
none 
Soot 
oil lake 
none 
none 
none 
none 
none 
none 
none 
none 
oil lake 
none 
none 
Type Of Surface 
Sand 
Pebbly Sand 
Pebbly Granular Sand 
Sand 
Sandy Pebbly Granular 
Quartzitic Oolitic Sand 
Sandy Mud 
Ouartzitic Oolitic Sand 
Granule Plain 
Calcretic Sand 
Granular Sand 
Granular Sand 
Sand 
Sandy Mud 
Pebbly_ Granular Sand 
Sand 
Sand 
Sand 
Pebbly Granular Sand 
Sandy Mud 
Granular Sand 
Sand 
Pebbly Granular Sand 
Sand 
Sand 
Calcrete 
Quartzitic Oolitic Sand 
Tar Mat 
Oil lake 
Granular Sand 
Sand 
Sand 
Sand 
Pebbly Sandy Granular 
Pebbly Sandy Granular 
Calcrete 
Calcrete 
Oil lake 
Pebbly Sandy Granular 
Pebbly Granular Sand 
(.;.) 
N 
41 1/23/93 G N: 29 .35.4 1 E: 48.08.65 X Pale yellow 
42 1/23/93 Br N: 29 .38.99 E: 48.06.55 X T yellow 
43 1/23/93 CG N: 29 .36.07 E: 48.05.73 X gray yellow 
44 1/26/93 R N: 28 .47.31 E: 47.40.11 X T yellow 
45 1/26/93 Br N: 28 .46.98 E: 47.33.68 X TgraJ 
46 1/26/93 Br N: 28 .46.62 E: 47.33.n X T yellow 
47 1/26/93 Br N: 28 .45.83 E: 47.37.44 X Tane gray 
48 1/26/93 Br N: 28 .47.04 E: 47.39.81 X T yellow 
49 1/26/93 Br N: 29 .14.09 E: 47.53.39 X T yellow 
50 1/27/93 0 N: 29 .14.93 E: 47.53.81 0 T gray 
51 1/27/93 0 N: 29 .14.57 E: 47.53.87 0 T yellow 
52 1/27/93 0 N: 29.14.07 E: 47.54 .1 2 0 T yellow 
53 1/27/93 0 N: 29.13.34 E: 47.54.36 0 T gray 
54 1/27/93 0 N: 29 .13.54 E: 47.50.65 0 T yellow 
55 1/27/93 00 N: 29 .10.1 6 E: 47.58.66 X Black 
56 1/27/93 B N: 29 .09.25 E: 47.58.57 X Black 
57 1/28/93 B N: 29 .09.06 E: 47.58.67 X Black 
58 1/28/93 00 N: 29 .09.01 E: 47.58.18 X Black 
59 1/28/93 DBr N: •·.·•.•• E: ··.•·.·· X Black 
60 1/28/93 00 N: ••.··.•• E: · ·.··.·· X Black 
61 1/28/93 DBr N: •·.•• .•• E: •·.·· .·• X Black 
62 1/28/93 00 N: ••.·•.•• E: ··.•·.·· X Black 
63 1/28/93 B N: -.·· .- E: ·· .•·.·· 0 Black 
64 1/28/93 B N: -.··.·· E: ··.·· .·· 0 Black 
65 1/28/93 DBr N: 28 .53.44 E: 47.57.58 0 Black 
66 1/28/93 DBr N: 28.50.70 E: 47.58.76 0 Black 
67 1/28/93 DBr N: 28 .50.73 E: 47.59.38 0 Black 
68 1/28/93 B N: 28 .50.88 E: 48.05.1 5 0 L gary 
69 1/29/93 LB N: 28 .49.92 E: 48.09.45 X L yellow 
70 1/29/93 LB N: 28 .48.96 E: 48.09.96 X L yellow 
71 1/29/93 LB N: ··.··.•· E: · ·.··.·· 0 L yellow 
72 1/29/93 lG N: 29 .14.99 E: 47.41 .48 0 T yellow 
73 1/29/93 lG N: 29.13.80 E: 47.36.86 0 T yellow 
74 1/29/93 N: 29.13.97 E: 47.32.52 0 yellow 
75 1/29/93 lG N: 29 .11 .52 E: 47.43.63 0 yellow 
76 1/29/93 lG N: 29 .05.39 E: 47.41 .58 0 L yellow 
77 1/29/93 lG N: 29 .01 .75 E: 47.41 .20 0 T yellow 
78 1/29/93 lG N: 29.02 .08 E: 47.47.04 0 T yellow 
79 2/1/93 03 N: 28.43 .26 E: 47.55.15 0 Tan 
80 2/1/93 R N: 29 .16.24 E: 48.0195 0 Tan 
None 
None 
D.V.Ar+Z S. 
None 
None 
D.V.An D 
D.V.An D 
D.V.Cy+An D. 
D.V.CoCyAn D. 
None 
D.V.CoCyAn S. 
D.V.CoCyAn S. 
D.V.CoCyAn S. 
D.V.CoCyAn S. 
Damaged 
Damaged 
Damaged 
Damaged 
D.V. Co D. 
Damaged 
D.V. Co+An S. 
D.V.Co D. 
D.V. Co+An S. 
D.V. An D. 
Damaged 
Dama~ 
D.V. Cy D 
D.V. Cy+An S. 
None 
None 
None 
D.V.Cy+Ar S. 
D.V.Cy+Ar S. 
None 
D.V.C'i_+Ar S. 
D.V.Co+An s 
D.V.Cy+An S. 
p.V.Cy s 
p .V.CyArAn s 
None 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
oil lake 
Soot 
Soot 
oil lake 
Soot 
oil lake 
Soot 
Soot 
Soot 
Soot 
Soot 
Soot 
Soot 
Soot 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
Granular Sandy pebble 
Sandy pebbly granular 
Sandy pebbly granular 
Granular Sand 
Pebbly sandy granular 
Pebbly granular sand 
Sand 
Sand 
Granular Sand 
Granular Sand 
Granular Sand 
Granular Sand 
Granular Sand 
Granular Sand 
Oil lake 
Tar Mat 
Tar Mat 
Oil lake 
Tar Mat 
Oil lake 
Tar Mat 
Tar Mat 
Tar Mat 
Tar Mat 
Tar Mat 
Tar Mat 
Tar Mat 
Tar Mat 
Granular Sand 
Granular Sand 
Granular Sand 
Sand 
Sand 
Sand Dune 
Sand 
Sand 
Sand 
Sand 
Pebbly Granular 
Pebbly granular sand 
w 
w 
34 
LEGEND OF THE FIELD DATA: 
,. Class Code:-
-L light 
Dark 
Green 
Red 
Blue 
~oil Color:-
-L 
-D 
-G 
-R 
-B 
- Br Brown 
- OG Olive Green 
-0 Orange 
,. Vegetation:-
- D.V. 
-Cy 
-Co 
-Z 
- St 
Desert Vegetation 
Cyperus Conglomeratus 
Cornulaca 
Zygophyllurn Album 
Stipa 
-T 
-D 
light 
Tan 
Dark 
- Arrfaj,Ar 
-An 
the name is used locally in Kuwait 
Annuals 
-Ly Lyciurn 
-D. Dense 
- S. Sparse 
..., 
~ 
r::r 
-~ 
w 
'Tj 
...... 
~ 
-0.. 
0.. 
~ 
...... 
~ 
(') 
0 
0.. 
...... 
::I 
(]Q 
Site No. 
1 
2 
3 
4 
5 
6 
7 
8 
g 
10 
11 
12 
1 3 
,. 
15 
1 6 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
CI111111Color 
l.G 
[G 
00 
R 
lB 
G 
m 
R 
R 
00 
m 
lB 
00 
DBr 
lB 
l.G 
[G 
R 
Br 
m 
DBr 
DBr 
00 
l.G 
Br 
lB 
G 
DBr 
00 
00 
[G 
l.G 
R 
0 
0 
G 
G 
00 
0 
lB 
G 
DBr 
00 
R 
Soil Color S.C. Code 
l yellow 1 
l yellow 1 
T yellow 5 
L yellow 1 
Pyellow 2 
P yellow 2 
Pale~ay 2 
Pale yellow 2 
Pale yellow 2 
L yellow 1 
Black 3 
Tane 4 
Pale yellow 2 
Black 3 
yellow 6 
Pale yeHow 2 
Pale yellow 2 
Pale yeNow 2 
Brown 7 
Gray yellow 9 
Black 3 
Black 3 
T yellow 5 
Pale yeMow 2 
Black 3 
L yellow 1 
L yellow 1 
Black 3 
Black 3 
Tane 4 
LTane 10 
LTane 10 
Brown 7 
l Brown 8 
DTane 11 
LTane 10 
LTane 10 
Black 3 
LTane 10 
Gray yellow 9 
Pale yellow 2 
T yellow 5 
Gray yellow 9 
L. T_y~()W. 5 -
Type Of Surface .O.S. Cod4 
Sand 1 
Pebbly Sand 2 
Pebbly Granuly Sand 2 
Sand 1 
Sandy Pebbly Granule 3 
Ouartzitic Oolitic Sand 4 
Sandy Mud 5 
Ouartzltic Oolitic Sand 4 
Granule Plain 8 
Calcretlc Sand 9 
Granuly Sand 8 
Granuly Sand 8 
Sand 1 
Sandy Mud 5 
Pebbly Granuly Sand 2 
Sand 1 
Sand 1 
Sand 1 
Pebbly Granuly Sand 2 
Sandy Mud 5 
Granuly Sand 8 
Sand 1 
Pebbly Granuly Sand 2 
Sand 1 
Sand 1 
Calcrete 9 
Quartzitic Oolitic Sand 4 
Tar Mat 6 
Oil lake 7 
Granuly Sand 8 
Sand 1 
Sand 1 
Sand 1 
Pebbly Sandy Granuly 2 
Pebbly Sandy Granuly 2 
Calcrete 9 
Calcrete 9 
Oil lake 7 
Pebbly Sandy Granuly 2 
Pebbly Granuly Sand 2 
Granuly Sandy pebble 8 
Sandy pebbly granul 3 
Sandy pebbly granule 3 
Granuly Sand 8 
VeQetation 
D.V.Cy+An S. 
D.V. Co+An S. 
None 
Trees D. 
D.V. Co+Cy D. 
D.V.Co+Z D. 
None 
D.V. Co+Z D. 
None 
None 
Damaged 
D.V.Cy s. 
None 
DameQed 
D.V.Co+at S. 
None 
None 
D.V.St D. 
D.V.St D. 
None 
Damaaed 
DamtiQ&d 
None 
D.V.Cy s. 
D.V.St D. 
None 
D.V.LyCoZ D. 
Damaged 
Damaged 
D.V.Cy S. 
None 
D.V.Co+An S. 
D.V.An D 
None 
None 
None 
D.V.Arrfej S. 
DamtiQ&d 
None 
None 
None 
None 
D.V.Ar+Z s. 
None 
V.Codt Oil Effect 
2 none 
2 none 
1 none 
3 none 
3 none 
3 none 
1 none 
3 none 
1 none 
1 none 
4 Soot 
2 none 
1 none 
4 Soot 
2 none 
1 none 
1 none 
3 none 
3 none 
1 none 
4 Soot 
4 Soot 
1 none 
2 none 
3 Soot 
1 none 
3 none 
4 Soot 
4 oil lake 
2 none 
1 none 
2 none 
3 none 
1 none 
1 none 
1 none 
2 none 
4 oil lake 
1 none 
1 none 
1 none 
1 none 
2 none 
1 none 
O.E.Code 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
2 
1 
1 
1 
1 
1 
1 
2 
2 
1 
1 
2 
1 
1 
2 
3 
1 
1 
1 
1 
1 
1 
1 
1 
3 
1 
1 
1 
1 
1 
1 
w 
VI 
45 Br T gray 12 Pebbly sandy granule 
46 Br T yellow 5 Pebbly granuly sand 
47 Br lane gray 12 &rod 
48 Br T yellow 5 &rod 
49 Br T yellow 5 Granuly Sand 
50 0 T gray 12 Granuly Sand 
51 0 T yellow 5 Granuly Sand 
52 0 T yellow 5 Granuly Sand 
53 0 T gray 12 Granuly Sand 
54 0 T yellow 5 Granuly Sand 
55 IB Black 3 Oil lake 
56 B Black 3 Tar Mat 
57 B Black 3 Tar Mat 
58 IB Black 3 Oil lake 
59 DBr Black 3 Tar Mat 
60 IB Black 3 Oil lake 
61 DBr Black 3 Tar Mat 
62 IB Black 3 Tar Mat 
63 B Black 3 Tar Mat 
64 B Black 3 Tar Mat 
65 OOr Black 3 Tar Mat 
66 OOr Black 3 Tar Mat 
67 DBr Black 3 Tar Mat 
68 B L gary 1 Tar Mat 
69 LB L yellow 1 Granuly Sand 
70 LB L yellow 1 Granuly Sand 
71 LB L yellow 1 Granuly Sand 
72 l.G T yellow 5 &rod 
73 l.G T yellow 5 &rod 
74 l.G yellow 6 &rod 
75 l.G L yellow 1 &rod 
76 l.G T yellow 5 &rod 
77 l.G T yellow 5 &rod 
78 00 Tan 4 Pebbly Granule 
79 A Tan 4 Pebbly granuly sand 
2 None 
2 D.V.An D 
1 D.V.An D 
1 D.V.Cy+An D. 
8 D.V.CoCyAn D. 
8 None 
8 D.V.CoCyAn S. 
8 D.V.CoCyAn S. 
8 D.V.CoCyAn S. 
8 D.V.CoCyAn S. 
7 Damaged 
6 Damaged 
6 Damaged 
7 Dam~ 
6 D.V. Co D. 
7 Damaged 
6 D.V. Co+An S. 
6 D.V. Co D. 
6 D.V. Co+An S. 
6 D.V. An D. 
6 Damaged 
6 Damaged 
6 D.V.Cy D 
6 D.V. Cy+An S. 
8 None 
8 None 
8 None 
1 D.V.Cy+Ar S. 
1 D.V.Cy+Ar S. 
1 D.V.CyArAn S 
1 D.V.Co+An s 
1 D.V.Cy+An S. 
1 D.V.Cy s 
10 p .V.CyArAn S 
2 None 
1 
3 
3 
3 
3 
1 
2 
2 
2 
2 
4 
4 
4 
4 
3 
4 
2 
3 
2 
3 
4 
4 
3 
2 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
1 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
oil lake 
Soot 
Soot 
oil lake 
Soot 
oil lake 
Soot 
Soot 
Soot 
Soot 
Soot 
Soot 
Soot 
Soot 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
1 
1 
1 
1 
1 
1 
1 
3 
1 
1 
3 
2 
2 
3 
2 
3 
2 
3 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
<...,) 
0\ 
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Radiometer Measurements 
The portable SE-590 spectral radiometer, designed for hand-
held operations, was used in the field to measure and calculate the 
surface radiance (Table 4) for eventual companson with the satellite 
data (Table 5). The radiometer records the reflected radiation 
simultaneously in 256 discrete spectral bands rangmg from the 
visible to the infrared range of the electromagnetic spectrum. The 
radiometer takes the light and radiation as an input then sends it to 
the microprocessor data logger where data Is recorded on a built-in 
tape deck. Data display and communication are possible through 
commands that are designed especially for this purpose. There are 
three steps involved in the use of this instrument: 
(1) The scanner IS aimed at a lambertian panel and a measurement is 
recorded which is used to normalize reflectance measurements for 
the irradiance incident upon a specific site. 
(2) The scanner is held approximately one meter above the surface 
under investigation to measure the reflected radiation. This step is 
repeated four times with 30 em between measurements, where the 
same recording process on the tape is repeated. A unique number is 
entered for each measurement to distinguish it from others when 
saved on the tape deck. 
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Cl'l 
.... 
(b 
Cl'l 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1 0 
11 
1 2 
13 
14 
1 5 
16 
1 7 
1 8 
19 
20 
21 
22 
23 
24 
25 
26 
Site 20 DR 
Site 21 DBr 
Site 22 DBr 
Site 23 00 
Site 29 DB 
Site 30 00 
Site 31 DG 
Site 32 LG 
Site 33 R 
Site 35 0 
Site 36 G 
Site 38 DB 
Site 39 0 
Site 40 LB 
Site 41 G 
Site 42 Br 
Site 43 00 
Site 44 R 
Site 45 Br 
Site 46 Br 
Site 55 DB 
Site 56 B 
Site 57 B 
Site 58 DB 
Site 69 LB 
Site 70 LB 
The 4 Landsat TM BANDS AS MEASURED BY THE RADIOMETER SE-59(] 
Radiometer Blue band Radiometer Green band Radiometer Rad Band 
2.556874 3.79369182 3.7701204 
3.40188381 4.7968469 4.4841222 
2.64890315 3.70697216 3.57748226 
5.74647391 8.32160285 8.1241568 
0.71723574 0.80909657 0.67881929 
6.08216848 9.19099161 9.22080889 
6.10817102 9.235101 05 9.23368884 
6.13785092 9.14774791 9.04798353 
3.45406839 5.09263146 4.90353973 
4.00353128 6.11372339 6.12141925 
5.33223306 7.72150454 7.58452709 
5.45353437 7.99553738 7.91982895 
4.14340905 6.33803415 6.35850566 
4.60573005 4.78279091 6 .84990805 
4.97980859 7.29230714 7.21117471 
3.49705185 5.20692519 5.2757027 
6.68448842 9.62794781 9.44360757 
5.51740289 8.51845736 8.67096166 
4.83386057 7.33966471 7.35144811 
4.95446875 7.47165421 7.52354671 
3.43411565 4.39253435 4.10859089 
3.3182349 4.30297382 4.00368918 
3.54456819 4.75339312 4.46834099 
2.93241352 3.85655759 2.50904848 
4.0437415 5.88298406 5.78685969 
4.89914569 7.28944691 7.26100645 
Radiometer Infrared Band 
8.9072361 
11 .2075862 
8.33609174 
17.5491259 
1.33499421 
20.5798095 
21.0369545 
21.1918285 
12.698845 
14.0997872 
16.9850021 
17.8558492 
14.377675 
15.7165413 
15.783623 
11.7347391 
20.8043411 
19.1463571 
16.4681665 
17.699233 
9.15426805 
8.65100466 
10.0045466 
5.41560484 
12.3350702 
16.1018341 
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BRIGHTNESS VALUES OF LandsatTM IN VISIBLE & NEAR-INFRARED 
Landsat TM band1 andsat TM band2 Landsat TM band3 Landsat TM band4 
92 45 54 44 
71 30 33 26 
67 27 29 23 
109 60 80 72 
70 28 31 24 
11 0 62 83 75 
114 64 86 77 
118 67 91 80 
96 49 61 53 
108 59 77 67 
11 0 60 79 68 
103 54 70 59 
11 3 61 81 70 
107 58 76 64 
11 0 60 81 67 
104 55 72 60 
114 63 85 72 
11 3 63 87 77 
1 08 60 81 70 
1 01 53 73 63 
92 44 51 42 
80 36 41 32 
76 33 38 29 
82 39 48 40 
11r 60 79 69 
1 09 60 78 68 
I 
w 
\0 
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(3) The four measurements are downloaded and averaged to obtain a 
single measurement for each of the 256 bands. The measurement is 
then averaged by the lambertian panel measurement in all 256 
channels. 
( 4) The final step ts to select the channels to match each of the 
Landsat TM bands from the 255 channels of the radiometer. The 
results were that: channels from 450-520 microns correspond to the 
first band of the Landsat TM data; channels from 520-600 microns 
correspond to band two; channels from 630-690 microns correspond 
to band three; and channels from 760-900 microns correspond to 
band four. 
41 
CHAPTER? 
Data Analysis 
Field Data Correlation and Analysis 
Multivariate analysis was performed on the data in the form of 
frequency analysis using categories or combinations of categories of 
surface characteristics as nominally treated variables. The 
contingency table (Table 6) and coded data (Table 3) show the 
surface characteristic categories data and the color classes from the 
unsupervised classification. These form a contingency table produced 
by the SAS software. The legend of Table 1 explains the color class 
codes. 
Table 6 shows the frequency of observations, where the count 
of difference and similarity is defined by a percentage. The 
contingency table is a general method of analysis or cross-
classification of descriptive data or categorical data which uses a 
linear-model approach, as m a regression analysis. It is also used to 
describe the relationship between a nominal dependent variable and 
several independent variables. This technique of multivariate 
analysis of categorical data has been used in many fields such as 
public health, the social sciences, and the geosciences. 
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, ~equencyl 
Percent I 
Row Pe t I 
Col Pet IB IBr IDB I DB~ IDG IDR IG ILB ILG IO lOG IR 
- ---~----+--- - - - --+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+------- -+ 
10 191211 I 0 I 0 I 0 I 0 I 0 I 0 I 2 I 0 I 0 I 0 I 0 I 0 
I 0.00 I 0.0 0 I 0 . 00 I 0 .00 I 0 . 00 I 0 . 00 I 2.56 I 0 . 00 I 0.00 I 0. 00 I 0 .00 I 0 . 00 
I 0.00 I 0.00 I 0 . 00 I 0 . 00 I 0 . 00 I 0 .00 I 1 00.00 I 0.00 I 0 . 00 I 0.00 I 0.00 1 0 . 00 
I 0 . 00 I 0.00 I 0 . 00 I 0.00 I 0 . 00 I 0 .00 I 40 . 00 I 0 . 00 I 0 . 00 I 0 . 0 0 I 0 .00 I · 0 . 00 
---------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
11121211 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 1 I 0 I 0 1 
I 0.00 I 0.00 I 0 . 00 I 0 .00 I 0.00 I 0 .00 I 0.0 0 I 0 . 00 I 0 . 00 I 1. 2 8 I 0 . 00 I 0 . 00 1 
I 0.00 I 0 .00 I 0.00 I 0 .0 0 I 0 .0 0 I 0 . 00 I 0 .00 I 0 .00 I 0 . 00 I 100.00 I 0. 00 I 0 . 00 1 
I 0.00 I 0.00 I 0.00 I 0.00 I 0. 00 I 0 .00 I 0 . 00 I 0 . 00 I 0.00 I 12.50 I 0.00 I 0 .00 1 
---------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
12111311 I 0 I 1 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 
0.00 I 1.28 I 0 . 00 I 0 . 00 I 0.00 I 0.00 I 0 . 00 I 0 . 00 I 0.00 I 0.00 I 0 . 00 I 0 .00 1 
0.00 I 100 . 00 I 0.0 0 I 0 . 00 I 0 . 00 I 0.00 I 0 .00 I 0 . 00 I 0 . 00 I 0.00 I 0 .00 I 0.00 I 
0 . 00 I 12.50 I 0.00 I 0 . 00 I 0.00 I 0 . 00 I 0.0 0 I 0.00 I 0. 00 I 0.00 I 0 . 00 I 0. 00 1 
--- ------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
12 121311 I 0 I 1 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 
0 . 00 I 1.28 I 0 . 00 I 0 . 00 I 0.00 I 0.00 I 0.00 I 0 .00 I 0.00 I 0 . 00 I 0.00 I 0.00 
0.00 I 10 0 . 00 I 0.00 I 0.00 I 0.00 I 0 . 00 I 0.00 I 0.00 I 0 . 00 I 0.00 I 0 . 00 I 0 . 00 
0 . 00 I 12.50 I 0.00 I 0 .00 I 0 . 00 I 0.00 I 0 . 00 I 0 . 0 0 I 0 . 00 I 0 .00 I 0 . 00 I 0 .00 
---------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
12 I 8 I 2 I 1 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 2 I 0 I 0 
0 . 00 I 0.00 I o. oo I 0.00 I 0.00 I 0 . 00 I 0 . 00 I 0.00 I 0 . 00 I 2.56 I 0.0 0 I 0 .0 0 
·0 . 00 I 0.00 I 0 . 00 I 0 . 00 I 0.00 I 0 .0 0 I 0.00 I 0 . 00 I 0.00 I 100.00 I 0.00 I 0 . 0 0 
0 . 00 I 0 .00 I 0 . 0 0 I 0 . 00 I 0 .00 I 0.00 I 0.00 I 0 . 00 I 0.00 I 25 . 00 I 0 . 00 I 0.00 
---------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
211111 1 I 0 I 0 I 0 I 0 I 1 I 0 I 0 I 0 I 2 I 0 I 1 I 0 
0.00 I 0.00 I 0.00 I 0.00 I 1. 28 I 0 . 00 I 0 . 00 I 0 .00 I 2.56 I 0 . 00 I 1. 28 I 0.00 
0.00 I 0. 00 I 0 . 00 I 0 . 00 I 25 . 00 I 0.00 I o.oo I 0 . 00 I 50 .00 I 0.00 I 25.00 I 0 . 00 
0. 0 0 I 0 . 00 I 0 . 00 I 0.00 I 25 . 00 I 0 .00 I 0 . 00 I 0.00 I 22.22 I 0.00 I 16 . 67 I 0 . 00 I 
---- ---- -+ ----- ------ -- ----+ ------ --+--------4--------~---····-···- · + - · · - - --- --+ --------+-- - -----~ - - --- - --+--------+ -- ------+ 
.. " 1 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 1 I 
0. 0 0 I 0.00 I 0. 00 I 0. 00 I 0.00 I 0 .0 0 I IJ .O O I 0 . 00 I 0 .0 0 I 0. 0 0 I 0 . 0 0 I l. 28 I · 
0 .00 I 0.00 I o.oc I 0. 00 I 0. 00 I 0 . 00 I 0. 00 I Q.OO I 0 .0 0 I 0 .0 0 I ' 0 . 00 I 10 0 . 00 I 
0 .00 I 0 . 00 I 0 . 00 I 0 . 00 I 0 . 00 I 0 .00 I 0.00 I 0 . 00 I 0.00 I ~ 0 . OG I 0 .00 I 14.29 I 
---------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
213121 1 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 1 I 0 I 0 I 0 I 0 I 
0.00 I 0.00 I 0 .00 I 0 . 0 0 I 0 . 00 I 0 . 00 I 0.00 I 1. 28 I 0.00 I 0 . 00 I 0 . 00 I 0 . 00 I 
0. 00 I 0. 0 0 I 0.00 I 0 . 0 0 I 0 . 00 I 0 . 0 0 I 0.00 I 100.00 "I 0 . 00 I 0.00 I 0.00 I 0 . 00 
0 . 0 0 I 0.00 I 0 . 00 I 0 . 00 I 0.00 I 0 . 00 I 0 . 00 I 12.50 I 0.00 I 0.00 I 0.00 I 0 . 00 
~ - - -------+--------+--------+---- ----+--------~--------+--------+--------+--------+--------+ --------+--------+------ - -+ 
~ 
0 
'< 
,_. 
p:l 
cr 
-~ 
214/3 / 1 I 0 I 0 I 0 I 0 I 0 I 0 I 1 I 0 I 0 I 0 I 0 I 1 I 
0 . 00 I 0 . 00 I 0.00 I 0 . 00 I 0.00 I 0.00 I 1.28 I 0 . 00 I 0 . 00 I 0.00 I 0.00 I 1.28 I 
0 . 00 I 0.00 I 0 .0 0 I 0 .0 0 I o. oo I 0.00 I 50 . 00 I o.oo I 0 . 00 I 0.00 I 0.00 I 50 . 00 
0.00 I 0 . 00 I 0.00 I 0.00 I 0.00 I 0 . 00 I 20 . 00 I 0.00 I 0.00 I 0 .0 0 I 0 . 0 0 I 14 . 29 
---------+------- -+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
Total 5 8 6 9 4 3 5 8 9 8 6 7 
6 . 41 10.26 7 .S 9 11.54 5.13 3 .& 5 6 .U 10 .26 11.54 10.26 7.69 8 .97 
(Cont i nued) 
Tota l 
2 
2.5 6 
1 
1. 28 
l. 28 
1 
l. 28 
2 
2 . 5 6 
4 
5 .13 
1 .28 
1 
1. 2 8 
2 
2 . 56 
78 
lO C.Gv 
~ 
tv 
F:-equencyl 
?-: : .:-:nt 
Row Pet 
Col Pet IB IBr lOB IOBr lOG lOR IG I LB ILG IO lOG IR Tota l 
---------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
1 /1/ 1 / 1 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 2 I 0 I 0 I 0 I 2 
0 . 00 I 0 .00 I 0.00 I 0 . 00 I 0.00 I 0.00 I 0 .00 I 0 . 00 I 2 . 56 I 0.00 I 0.00 I 0 .00 I 2.56 
0.00 I 0 .00 I 0.00 I 0 .00 I 0 . 00 I 0.00 I 0.00 I 0.00 I 10 0.00 I 0.00 I 0 .00 I 0 .00 
0. 00 I 0 . 00 I 0 . 00 I 0.00 I 0 .00 I 0.00 I 0 . 00 I 0.00 I 22.22 I 0 . 00 I 0.00 I 0 . 00 
---------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ --------+--------+ 
1/1/3 / 1 I 0 I 0 I 0 I o I o I 0 I 0 I 0 I 0 I 0 I 0 I 1 I 
0.00 I 0.00 I 0 . 00 I 0 .00 I 0.00 I 0.00 I 0.00 I 0 .00 I 0.00 I 0.00 I 0.00 I 1.28 I 1.20 
0 .0 0 I 0.00 I 0 . 00 I 0.00 I 0 .00 I 0.00 I 0.00 I 0.00 I 0 .00 I 0.00 I 0 .00 I 100.00 
0 .00 I 0 .0 0 I 0.00 I 0.00 I 0.00 I 0.00 I 0 . 00 I 0 . 00 I 0 .00 I 0.00 I 0 .0 0 I 14 .29 
---------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
1/2/1/1 I 0 I 0 I 0 I 0 I 1 I 0 I 0 I 0 I 0 I 0 I 0 I 0 
0 . 00 I 0 .0 0 I 0 . 00 I 0 .00 I 1. 2 8 I 0.00 I 0 . 00 I 0 . 00 I 0 . 00 I 0 . 00 I 0 . 00 I 0 .00 
0 . 00 I 0.00 I 0 . 00 I 0.00 I 100 .00 I 0 .00 I 0 .00 I 0 . 00 I 0.00 I 0 .00 I 0 .00 I 0.00 
0 .00 I 0 . 00 I 0 . 00 I 0 .00 I 25 . 00 I 0.00 I 0.00 I 0 . 00 I 0.00 I 0.00 I 0.00 I 0 . 00 
---------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 1/~/3/1 -· I 0 I 0 I 0 I 0 I 0 I 0 I 1 I 0 I 0 I 0 I 0 I 0 
0.00 I 0.00 I 0.00 I 0 .00 I 0 .00 I 0.00 I 1. 28 I 0.00 I 0.0 0 I 0 .00 I 0 . 00 I 0.00 
0.00 I 0 .00 I 0 . 00 I 0 . 00 I 0 . 00 I 0.00 I 100.00 I 0.00 I 0.00 I 0.00 I 0.00 I 0.0 0 
0.00 I 0 .00 I 0. 00 I 0.00 I 0 .00 I 0 . 00 I 20.00 I 0 . 00 I 0.00 I 0 .00 I 0.0 0 I 0.0 0 
---------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
1/6/2/2 I 1 I 0 I 0 I 0 I 0 I 0 1 0 I 0 I 0 I 0 I 0 I 0 
I 1.28 I 0 .00 I 0 .00 I 0.00 I 0.00 I 0.00 I 0.00 I 0.00 I 0.00 I 0.00 I 0 . 00 I 0 .00 
I 1 00.00 I 0.00 I 0.00 I 0.00 I 0.00 1 0 .0 0 I 0.00 I 0 .00 I 0.00 I 0 .0 0 I 0.00 I 0.00 
I 20.00 I 0.00 I 0.00 I 0.00 I 0 .00 I 0 . 00 I 0 . 00 I 0.00 I 0.00 I 0.00 I 0.00 I 0 .00 
---------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
1/8/1/1 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 3 I 0 I 0 I 0 I 0 
0.00 I 0.00 I 0 .0 0 I 0 .00 I 0 . 00 I 0.00 I 0 . 00 I 3. 85 I 0 .00 I 0.00 I 0 . 00 I 0.00 
0.00 I 0.00 I 0 . 00 I 0.00 I 0 . 00 I 0 . 00 I 0.00 I 10 0. 00 I 0 . 00 I 0.00 I 0.00 I 0 . 00 
0.00 I 0. 00 I . 0.00 I 0.00 I 0.00 I 0 . 00 I 0 . 00 I 37.50 I 0.00 I 0 .00 I 0 . 00 I 0 .00 
---- -- ---+- -- - -- --+- ----- --+ --------+----- ---+-- --- ---+__:__- --- -+- ---- ---+--- - ----+---- --- --+----- ---+ ------ - - .. -- - - --- - -~ 
- .f S. , 1 } I ~ 0 I I 0 I 0 : 0 I 0 I C I I I 0 I 0 I 1 I 0 I 2 0.00 1 0.0C I 0.00 I 0.00 I 0. 00 I 0.00 I 0 . 00 I 1. 28 I 0.00 I . 0 . 00 I 1. 28 I 0.00 I 2 . 56 0.00 I 0 .00 I 0.00 I 0 .00 I 0. 00 I C .GO I o.oc I ;;o . co 1 0. 00 I ~ 0.00 l 50.00 I c.oo 0.00 i 0.00 I 0.00 I 0. 00 I 0.00 I 0.00 I 0.00 I 12 . 50 I o. 00 I ; 0 .0 0 I 16.67 I 0.0 0 
---------+ --------+------ --+--- -----+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
:0/1/l/ 1 I 0 I 0 I 0 I 0 I l I 0 I 0 I 0 I 1 I 0 I 0 I 0 I 0 .0 0 I 0 .0 0 I 0 .00 I 0.00 I 1 . 28 I 0 . 00 I 0.00 I 0.00 I 1. 28 I 0.00 I 0.00 I 0 .00 I 2.56 0.00 I 0.00 I 0.00 I 0.00 I 50.00 I 0 . 00 I 0.00 I 0 .0 0 I 50.00 I 0.00 I 0.00 I 0 .00 0 .0 0 I 0 . 00 I 0.00 I 0.00 I 25.00 I 0.00 I o.oo I 0 . 00 I 11.11 I 0.00 I o.oo I 0 . 00 
---------+--------+--------+--------·--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
10/2/2/1 I 0 I 0 I 0 I 0 I 0 1 0 1 0 I 0 I 0 I 1 I 0 I 0 I 1 
0.00 I 0 .00 I 0.00 I 0 .00 I 0 .00 I 0 . 00 I 0.00 I 0 . 00 I 0 .00 I 1 .2 8 I 0.00 I 0 . 00 I 1.28 
0 . 00 I 0.00 I 0 . 00 I 0.00 I 0.00 I 0 . 00 I 0 . 00 I 0 . 00 I o:oo I 100.00 I 0 . 00 I 0 .0 0 
0 .00 I 0 .00 I 0 .00 I 0 . 00 I 0.00 I 0.00 I 0 .0 0 I 0 . 00 I 0 . 00 I 12.50 I 0 . 00 I 0 . 00 
---------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
Tot al 5 8 6 9 4 3 5 8 9 A 6 7 78 
6 . 41 1 0.~€ 1 . 69 1 :. ~~ 3 . 1. ~ ~-8~ '::."1 ... lG .:?€ 11.54 10 . 26 7 .5~ 6 .$ 7 (C.::>:::inued } 
1. 28 
1 
1. 28 
1. 28 
3 
3. 8 5 
1-:.0.0 0 
~ 
w 
Frequency I 
Percent I 
Ro w P e t I 
Co l Pe t IB IBr IDB IDBr IDG IDR IG I LB ILG IO l OG IR Total 
---------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
2/5 /1/1 I 0 I 0 I 0 I 0 I 0 I 1 I 0 I 0 I 0 I 0 I 0 I 0 I 1 
I 0.0 0 I 0 . 00 I 0 . 00 I 0.00 I 0.00 I 1.28 I 0 . 00 I 0 .00 I 0 .00 I 0.00 I 0.00 I 0 .00 I 1.28 
0.00 I 0 . 00 I 0.00 I 0.00 I 0.00 I 100.00 I 0 .00 I 0.00 I 0.00 I 0.00 1 0. 00 I 0.00 
0.00 I 0.00 I 0.00 ·1 0 .00 I 0 . 00 I 3 3 . 33 I 0.00 I 0.00 I 0.00 I 0.00 I 0.0 0 I 0 .00 
--- ------+------ --+--------+--------+--------·--------+--------+--------+--------+--------+--------+--------+--------+ 
2/ 8/1/1 I 0 I 0 I 0 I 0 I 0 I 0 I 1 I 0 I 0 I 0 I 0 I 1 I 2 
I 0 .00 I 0.00 I 0.00 I 0.00 I 0.00 I 0.00 I 1. 28 I 0 . 00 I 0.00 I 0.00 I 0 . 0 0 I 1.28 I 2.56 
I 0.00 I 0.00 I 0 . 00 I 0 . 00 I 0.00 I 0.00 I 50 . 00 I 0 .00 I 0.00 I 0 .0 0 I 0.00 I 50.0 0 
I 0 . 00 I 0.0 0 I 0 . 00 I 0 .00 I 0 . 00 I 0 . 00 I 20 .0 0 I 0.00 I 0 . 00 I 0.00 1 0 . 00 I 14 . 29 
---------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
3/1/3/1 I 0 I 1 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 1 
0 . 00 I 1.28 I 0 . 00 I 0 .00 I 0.00 I 0 .00 I 0.00 I 0 . 00 I 0.00 I 0.00 I 0.00 I 0.00 I 1. 28 
0.00 I 1 00 . 00 I 0.00 I 0.00 I 0.00 I 0 .00 I 0.00 I 0.00 I 0 .0 0 I 0.00 I 0.00 I 0 .00 
0 . 00 I 12 . 50 I 0.00 I 0.00 I 0 .00 I 0.00 I 0.00 I 0.00 I 0 . 00 I 0.00 I 0.0 0 I 0.0 0 
---------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
3/1/ 4 /2 I 0 I 0 I 0 I 1 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 
0. 00 I 0.00 I 0 . 00 I 1. 28 I 0 . 00 I 0 . 00 I 0 .00 I 0 .0 0 I 0 . 00 I 0.00 I 0 .00 I 0.00 I 1. 26 
0.00 I 0 . 00 I 0.00 I 100.00 I 0 .00 I 0.00 I 0.00 I 0. 00 I 0.00 I 0.00 I 0 . 00 I 0 .00 
0. 00 1 0.00 I 0. 00 I 11.11 I 0 . 00 I 0.00 I 0 . 00 I 0 .00 I 0.00 I 0.00 I 0 .00 I 0 . 00 
---------+------- -+ --------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
3 / 5 / 4 /2 I 0 I 0 I 0 I 1 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 1 
0.00 I 0.00 I 0 . 00 I 1.28 I 0 . 00 I 0 . 00 I 0.00 I 0.00 I 0.00 I 0.00 I 0.00 I 0 .00 I 1.28 
0 .00 I 0 . 00 I 0 . 0 0 I 10 0 .00 I 0.00 I 0.00 I 0.00 I 0.00 I 0.00 I 0.00 I 0.00 I 0 .00 
0. 00 I 0.00 I 0 .00 I 11. 11 I 0 . 00 I 0 .0 0 I 0.00 I 0 .00 I 0 . 00 I 0 .00 I 0.00 I 0 .00 ------ - --~--------~--------+--------+--------+--------+--------+--------+--------+--------+ ------ --+--------+--------+ 
3/6/2/2 I 1 I 0 I 0 I 1 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 
1.28 I 0 . 00 I 0.00 I 1.28 I 0.00 I 0 .00 I 0 . 00 I 0.00 I 0.00 I 0 .00 I 0.0 0 I 0.00 I 2 .5 6 
5 0 . 00 I 0.00 I 0 . 00 I 50.00 I 0 .00 I 0.00 I 0 .00 I 0 .0 0 I 0.00 I 0 .00 I 0.00 I 0 .0 0 
20.00 I 0.00 I 0.00 I 11.11 I 0 .0 0 I 0 .00 I 0 . 00 I 0.00 I 0.00 I 0.00 I 0 . 00 I 0 . 00 
---------+--------+--------+--- -----+--------·--------+--------+--------+--------+--------+--------+--------+--------+ 
3/6.'3/7 I 1 I 0 I 0 2 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 
1 .28 I 0.0~ 0 . 00 : 2 .5 6 I O.J•J I 0 .00 I O.uC I 0. 00 I 0.00 I 0.00 I 0 . 00 I 0.00 i 3.9~ 
33 . }3 ! 0.00 I 0.00 I 66.67 I 0 . 00 I 0.00 I 0.00 I 0.00 I 0.00 I 0.00 I 0 .00 I 0 . 00 
20 . 00 I 0 .00 I 0 . 00 I 22.22 I 0.00 I 0 . 00 I 0 .00 ~ 0 .00 I 0 .00- I O. OD I 0.00 I 0 . 00 
----- - -- - +- - - - ----~--- - ----~--------+--------+--- - ----+--------+------- -+--------+-- - ----~+ --------+--------·----- ---+ 3/6/4/2 3 
3.65 
60.00 
33.33 
3/6/ 4 /3 
2.56 
40 . 00 
40.00 
0 
0.00 
0 .00 
0.00 
0 .0 0 
0 . 00 
0 . 00 
0.00 
0.00 
0.00 
0 . 00 
0.00 
0.00 
1 
1 . 26 
10 0.00 
16.67 
0 
0.00 
0.00 
0.00 
0 
0.00 
0 . 00 
0.00 
0 .00 
0 .00 
0 .0 0 
0 
0 .00 
0.0 0 
0 .00 
0 
0 . 00 
0.00 
0 .00 
0 
0 . 00 
0.00 
0. 00 
0 
0 . 00 
0.00 
0 . 00 
0 
0 . 00 
0 . 00 
0 .00 --------~--------+- ------- ·--------+--------+--------+--------+--------+--------+ 
0 
0.00 
0 . 00 
0 . 00 
0.00 
0 .00 
0 . 00 
0 .00 
0 .00 
0 .00 
0 . 00 
0. 00 
0.00 
0 . 00 
0.00 
0 .0 0 
0 
0 . 00 
0 .00 
0 .00 
0 I 
0 . 00 I 
0 . 00 I . 
0.00 I 
0 . 00 
0 .00 
0 . 00 
0 . 00 
0 . 00 
0 . 00 
6 . 41 
1 
.l. 26 
---------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
Total 5 8 6 9 4 3 5 8 9 8 6 7 1B 
6. 41 10 .26 1 . 69 11 . 54 5 . 13 3 . 85 6.41 10. 2 6 11 . 54 10.26 1 . 69 8 .91 10 0.00 !Continued) 
..,::.. 
..,::.. 
Frequency I 
Percent I 
Row Pet I 
Col Pet IB IBr IDB IDBr IDG IDR IG I LB I LG I O lOG IR 
---------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
Total 
3/?/4/3 I 0 I 0 I 5 I 0 I o I 0 I 0 I 0 I 0 I 0 I 0 I o I 5 
I 0 . 00 I 0 .00 I 6.41 I 0 .00 I 0.0 0 I 0 . 00 I 0 . 00 I 0 .00 I 0 .00 I 0.00 I 0 .00 I 0 .00 I 6 . 41 
I 0.00 I 0 .00 I 100 . 00 I 0 .00 I 0 . 00 I 0 . 00 I 0 .00 I 0 . 00 I 0 . 00 I 0.00 I 0 .00 I 0 .00 
I 0.0 0 I 0 . 00 I 83.33 I 0.00 I 0.00 I 0 .00 I 0 . 00 I 0.00 I 0.00 I 0 . 00 I 0 . 00 I 0 . 00 
---------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
3/8/2/2 I 0 I 0 I 0 I 0 I 0 I 1 I 0 I 0 I 0 I 0 I 0 I 0 I 1 
0 . 00 I 0 . 00 I 0 . 00 I 0 . 00 I 0 .00 I 1.28 I 0 . 00 I 0.00 I 0 . 00 I 0 . 00 I 0 . 00 I 0 . 00 I 1.28 
0.00 I 0 . 00 I 0.00 I 0 .00 I 0 .00 I 1 00.00 I 0 . 00 I 0 . 00 I 0 .00 I 0 .00 I 0 . 00 I 0 . 00 
0.00 I 0.00 I 0.00 I 0 . 00 I 0 .00 I 33 .33 I 0.00 I 0 . 00 I 0.00 I 0 . 00 I 0 . 00 I 0 . 00 
---------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
3/8 / 4 /2 I 0 I 0 I 0 I 1 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 1 
0.00 I 0 . 00 I 0.00 I 1.28 I 0.00 I 0 . 00 I 0 . 00 I 0.00 I 0 . 00 I 0 . 00 I 0 . 00 I 0 .00 I 1.28 
0 .0 0 I 0.00 I 0 . 00 I 100 . 00 I 0.00 1 0 . 00 I 0.00 I 0.00 I 0.00 I 0.00 I 0 .00 I 0.00 
0.00 I 0 . 00 I 0.00 I 11 .11 I 0 . 00 I 0 . 00 I 0 . 00 I 0 .00 I 0.00 I 0.00 I 0 .00 I 0 .00 
---------+------- -+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
4 /10/ 2/ 1 0 
0.00 
0.00 
0.00 
0 
0 . 00 
0.00 
0 .00 
0.00 
0.00 
0 . 00 
0 .00 
0 . 00 
0 .00 
1 
l. 28 
100.00 
25.00 
0 . 00 
0 . 00 
0 . 00 
0 
0 . 00 
0 . 00 
0 . 00 
0 . 00 
0.00 
0 . 00 
0 .00 
0 . 00 
0 .00 
0 
0.00 
0.00 
0.00 
0.00 
0.00 
0 .00 
0 . 00 
0.00 
0 . 00 
---------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
4 /2 / 1/1 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 1 
0 . 00 I 0 .00 I 0.00 I 0 . 00 1 0.00 I 0.00 I 0.00 I 0 . 00 I 0 . 00 I 0.00 I 0 . 00 I 1.28 
0 . 00 I 0 . 00 I 0.00 I 0 . 00 I 0.00 I 0 . 00 I 0.00 I 0 . 00 I 0 . 00 I 0 .0 0 I 0 . 00 I 10 0 . 0 0 
0.00 I 0 .00 I 0.00 I 0 . 00 I 0.00 I 0 . 00 I 0.00 I 0 . 00 I 0 . 00 I 0 . 00 I 0 . 00 I 14 . 29 
---------+--------+--------+--------+--------·--------+--------+--------+--------+--------+--------+--------+--------+ 
4/8 / 2 / l 0 
0.00 
0.00 
0.00 
0 . 00 
0 .00 
0.00 
0 
0.00 
0 . 00 
0 . 00 
0.00 
0.00 
0.0 0 
0 
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 00 
0.00 
0.00 
0 .00 
1 
l. 28 
50 . 00 
12 .50 
0.00 
0.00 
0 .0 0 
0 . 00 
0.00 
0.00 
1 
1.28 
50 . 00 
16 . 67 
0. 00 
0 . 00 
0 .00 
---------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
5/l / l/1 I. 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 3 I 0 I 0 I 0 I 
1 
.28 
1 
l. 28 
2 . 56 
~ . v · ' ·) .UO I O. GJ 1 0 . 00 I O.O u I 0 . 00 I O.u O I 0 . 00 I 3. 8 5 I 0 .0 0 I 0 . 00 I 0 .00 I 3 . ~5 
0. 00 0 . 00 I 0 . 0 0 I 0. 00 I 0 .00 1 0.00 I 0. 0 0 I 0 . 0 0 I 10 0.00 I 0.00 I 0 . 00 I 0. 00 
.00 0.00 I 0 . 0 0 I 0 .00 I 0.00 I o:oo I 0 . 00 I ~.00 I 33 . 3 3 I 0.00 ,I 0 . 00 I 0 . 00 
-- -- -----+----- -- -~ - -- -- - - -+-- --- ---+-----------------·------ --·--------+--------+- - - - ----~--------+--------+--------+ 
5/1/3/l 0 
0.0 0 
0.00 
0.0 0 
1 
l. 28 
1 00 . 00 
12 . 50 
0 . 00 
0 . 0 0 
0.00 
0 
0 . 00 
0 .00 
0 . 00 
0 . 00 
0. 00 
0 . 00 
0 
0.00 
0 . 00 
0 .00 
0 
0 . 00 
0 . 0 0 
0 . 00 
0.00 
0 . 00 
0 . 00 
0 . 00 
0.00 
0 . 00 
0 
0.00 
0.00 
0 .00 
0 
0 . 00 
0 .00 
0 . 00 
0.00 
0.00 
0.00 
---- -----~-- -- - - -----------~- - --- - - -+ - -------•--------+--------T--------+--------+--------+--------+--------+--------+ 
5/2 / 1/1 0 
0 . 00 
0 . 00 
0 . 00 
0 .00 
0.00 
0 . 00 
0 . 00 
0.00 
0 . 00 
0.00 
0 . 00 
0.00 
0 . 0 0 
0.00 
0 . 00 
0 
0.00 
0 . 00 
0 .0 0 
0 
0 . 00 
0.00 
0 . 00 
0 
0 . 00 
0 .00 
0 .00 
0 
0 . 00 
0 .00 
0 .00 
0 
0.00 
0.00 
0 .0 0 
2 
2.56 
100.00 
33.33 
0 
0 .00 
0 .00 
0. 00 
---------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
1 
l. 28 
2 
2.56 
Total 5 8 6 9 4 3 5 8 9 8 6 7 78 
6.41 10 .26 7 . 69 11 .5 4 5 .1 3 3.85 6.41 10 . 26 11.54 10 .26 7.69 8 .97 100.00 
<Continued ) 
~ 
VI 
Frequency! 
Percen~ I 
Row Pc~ I 
Col Pc~ I B IBr IDB IDBr IDG IDR IG ILB I LG IO lOG 
---------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
5 /2/3/1 I 0 I 1 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 1 
IR 
I 0. 00 I 1.28 I 0 .00 I 0 .00 I 0.00 I 0.0 0 I 0 . 00 I 0 .00 I 0 . 00 I 0 . 00 I 0 .00 I 0.00 I 
I 0.00 I 100 .00 I 0 .0 0 I 0 . 00 I 0.00 I 0 .00 I 0 . 00 I 0 . 00 I 0 . 00 I 0 .00 I 0 .0 0 I 0.00 1 
I 0.00 I 12.50 I 0.00 I 0 . 00 I 0 . 00 I 0 .00 I 0 . 00 I 0 . 00 I · o. oo I 0 . 00 I 0 .00 I 0 .00 1 
---------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
5/3/3/1 I 0 I 1 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I . 0 I 0 I 0 
I 0 . 00 I 1. 28 I 0 .00 I 0 . 00 I 0 .00 I 0 . 00 I 0.0 0 I 0 . 00 I 0 . 00 I 0 . 00 I 0 . 00 I 0 . 00 
I 0.00 I 100.00 I 0.00 I 0.00 I 0 . 00 I 0 .00 I 0 . 00 I 0 . 00 I 0 . 00 I 0 . 00 I 0 .00 I 0 .00 
I 0.00 I 12.50 I 0 . 00 I 0 . 00 I 0 . 00 I 0.00 I 0 . 00 I 0.0 0 I 0 .00 I 0 .00 I 0 . 00 I 0 .00 
---------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
5/8/1/1 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 1 I 
I 0.00 I 0.00 I 0.00 I 0.00 I 0.00 I 0.00 I 0 . 00 I 0 . 00 I 0 .00 I 0 . 00 I 0 . 00 I 1 .28 I 
I 0 . 00 I 0.00 I 0 .00 I 0 . 00 I 0.00 I 0.00 I 0.00 I 0 . 00 I 0 . 00 I 0 .00 I 0 . 00 I 100 . 00 I 
I 0.00 I 0 .00 I 0 . 00 I 0.0 0 I 0 . 00 I 0 . 00 I 0 .00 I 0.00 I 0.00 I 0 . 00 I 0 . 00 I 14 . 29 I 
---------+--------+-------_.--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 5/8 /2/ 1 I 0 I 0 . J 0 I 0 I 0 I o I o I 0 I 0 I 2 I 0 I 0 0 .00 I 0. 00 I 0.00 I 0 . 00 I o. oo I o.oo I o. oo I 0.00 I o.oo I 2.56 I 0 . 00 I 0 . 00 0 . 00 I 0 . 00 I o.oo I 0.00 I o.oo I 0 .00 I 0 .00 I o. oo I 0.00 I 100.00 I 0.00 I 0.00 0 .00 I 0 . 00 I 0 .00 I 0 . 00 I 0.00 I 0 .00 I 0 . 00 I o.oo I 0 .00 I 25.00 I 0 .00 I 0. 00 
---------T--------+-------_.--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
5/8/2/3 I 0 I 0 I 0 I 0 I o I 0 I 0 I 0 I 0 I 1 I 0 I 0 
I 0.00 I 0 .00 I 0 .00 I 0.0 0 I 0 .00 I 0.00 I 0 . 00 I 0 . 00 I 0 . 00 I 1 . 28 I 0 . 00 I 0 . 00 
I 0.00 I 0.00 I 0.00 I 0. 00 I 0.00 I 0 .00 I 0 .00 I 0 . 00 I 0 . 00 I 100 .00 1 0 .00 I 0.00 
I 0.00 I 0 .00 I 0.00 I 0.00 I 0.00 I 0 . 00 I 0.00 I 0.00 I 0 . 00 I 12.50 I 0 . 00 I 0.00 
--------~--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 5/8/3/1 I 0 I 1 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 0 .0 0 I 1. 28 I o.oo I o.oo I 0.00 I 0 .00 I o.oo I o. oo I 0.00 I 0. 00 I 0 .00 I 0 . 00 o.oo I 100 . 00 I 0.00 I 0.00 I o.oo I 0 .00 I 0.00 I 0 . 00 I o.oo I 0 . 00 I o. oo I 0.00 0 . 00 I 12.50 I 0 .00 I 0 . 00 I 0 . 00 I 0 . 00 I 0 .00 I 0 . 00 I 0 . 00 I o. oo I 0 . 00 I 0 . 00 
________ _. _______ -+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 6/1/1/1 I . 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 1 I o I 0 I 
' 0 ~.0~ ' 0 .00 I O.QC I 0. 0 ~ I (j . (;o) I O. CC I 0 .00 I o.oo I . :1.28 I 0 . 00 I 0 . 00 I 
''· oc 0.0~ I O.O C I 0.00 : O.OC I 0 .0 0 I 0.00 I 0.00 I 0 .00 I 100.0 0 I 0 . 00 I 0. 00 I 0.00 0 .0 0 I 0. 00 I 0.00 I 0.00 I 0.00 I 0 . 00 I 0.00 I 0.00 I 11.11 I 0 . 00 I 0 . 00 I 0.00 - --- --------------+--------------- - -·-------~--------+--------+--------+~-------+--------+------,-+--------T--------+ 6/2/2/ 1 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 1 I 1 , , . 0 'I 0 I o I 0 I 0.00 I 0 .0 0 I 0.00 I 0 . 00 I 0.00 I 0.00 I 0 .00 I 1.28 I , 0.00 I 0.00 I 0 .00 I 0.00 I 0.00 I 0.0 0 I 0.00 I 0 .00 I o.oo I 0 .00 I 0.00 I 100 .00 I 0.00 I 0.00 I 0.00 I 0 . 00 0 .0 0 I 0 . 00 I 0 . 00 I 0 . 00 I 0.00 I 0 .00 I o.oo I 12 . 50 I 0 . 0.0 I 0.00 I 0.00 I 0.00 
------------------+-----------------+--------+--------+--------+--------+--------+--------+--------+--------+--------+· 7/ 1 /3/ l I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 1 I 0.00 I 0 . 00 I 0 . 00 I 0 . 00 I 0 . 00 I 0 . 00 I 0 . 00 I 0 . 00 I 0.00 I 0 .00 I 0 . 00 I 1. 28 I 0 . 00 I 0 .0 0 I 0.00 I 0 .00 I 0.00 I 0.00 I o.oo I 0. 00 I o.oo I 0 . 00 I 0.00 I 100 .00 0 . 00 I 0 . 00 I 0.00 I o. oo I 0.00 I 0 .00 I 0 .00 I 0 .00 I 0 . 00 I 0 .00 I 0 .00 I 14.29 
---------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ To~al 5 8 6 9 4 3 5 8 9 8 6 7 6.41 10 . 26 7 . 69 11.54 5 .13 3 . 85 6 . 41 10.26 11.54 10 .2 6 7 . 69 8 . 97 (Con~inued) 
Tot.al 
1 
1. 28 
1 
1.28 
1 
1.28 
2 
2 . 56 
1 +:>-
1. 28 01 
1 
1. 28 
1 
1. 2 9 
1 
1. 28 
1 
1.28 
78 
100 . 00 
Frequency! 
Percent I 
Row Pet I 
Col Pet IB IBr IDB IDBr IDG IDR IG ILB ILG IO lOG IR 
---------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
7/2/3/1 I 0 I 1 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 
I 0.00 I 1.28 I 0.00 I 0 . 00 I 0 . 00 I 0.00 I 0.00 I 0 . 00 I 0 . 00 I 0 . 00 I 0.00 I 0.00 
I 0.00 I 100.00 I 0.00 I 0.00 I 0 . 00 I 0 . 00 I 0 . 00 I 0.00 I 0 . 00 I 0 . 00 I 0 . 00 I 0.00 
I 0.00 I 12.50 I 0.00 I 0.00 I 0 . 00 I 0.00 I 0 . 00 I 0.00 I 0 .00 I 0.00 I 0 . 00 I 0 . 00 
---------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
8/2/2/1 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 1 I 0 I 0 
I 0 . 00 I 0.00 I 0 . 00 I 0.00 I 0 . 00 I 0 . 00 I 0 . 00 I 0.00 I 0 . 00 I 1 .28 I 0 . 00 I 0.00 
I 0.00 I 0.00 I 0.00 I 0 . 00 I 0 . 00 I 0 . 00 I 0.00 I 0 . 00 I 0 . 00 I 100 . 00 I 0 . 00 I 0.00 
I 0 . 00 I 0 . 00 I 0 .00 I 0 . 00 I 0.00 I 0.00 I 0.00 I 0 . 00 I 0.00 I 12 . 50 I 0 . 00 I 0.00 
---------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
9/2/1/1 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 1 I 0 I 0 I 0 0 
0.00 1 0 . 00 I 0 . 00 I 0 . 00 I 0.00 I 0 . 00 I 0.00 I 1.28 I 0.00 I 0 . 00 I 0.00 I 0.00 
0.00 I 0.00 I 0 . 00 I 0.00 I 0.00 I 0.00 I 0 . 00 I 100 . 00 I 0.00 I 0 . 00 I 0.00 I 0.00 
0 . 00 1 0.00 1 0.00 I 0 . 00 I 0 . 00 I 0 . 00 I 0 . 00 I 12.50 I 0 . 00 I 0.00 I 0 . 00 I 0 . 00 
---------+--------+-------~+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
9/3/2/1 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 1 I 0 
0 . 00 I 0 . 00 I 0.00 I 0.00 I 0 . 00 I 0 . 00 I 0.00 I 0.00 I 0 .00 I 0 .00 I 1 .28 I 0.00 
0 . 00 I 0.00 I o.oo I o. oo I 0 . 00 I 0.00 I 0 . 00 I 0.00 I 0.00 I 0.00 I 100.00 I 0 . 00 
0 . 00 I 0 . 00 I 0 . 00 I 0 .0 0 I 0 . 00 I 0.00 I 0 . 00 I 0.00 I 0.00 I 0 . 00 I 16.67 I 0 . 00 
---------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
9/5/1 /1 I 0 I 0 I 0 I 0 I 0 I 1 ' I 0 I 0 I 0 I 0 I 0 I 0 
0 . 00 I 0 . 00 I 0.00 I 0 . 00 I 0 . 00 I 1 .2 8 I 0 . 00 I 0.00 I 0 .0 0 I 0 . 00 I 0 . 00 I 0.00 
0 . 00 I 0 . 00 I 0 . 00 I 0.00 I 0 .00 I 100 . 00 I 0 . 00 I 0 . 00 I 0.00 I 0.00 I 0 .00 I 0.00 
0 . 00 I 0 . 00 I 0 . 00 I 0.00 I 0 . 00 I 33.33 I 0 . 00 I 0.00 I 0 . 00 I 0.00 I 0 . 00 I 0 . 00 
---------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+ 
Total 5 8 6 9 4 3 5 8 9 8 6 7 
6 . 41 10.26 7 . 69 11.54 ' 5 . 13 3 . 85 6.41 10.26 11.54 10.26 7.69 8 . 97 
Total 
1 
1. 28 
1 
1.28 
1 
1. 28 
1 
1.28 ~ 
....a 
1 
1. 28 
78 
100 .00 
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Calculation of Radiometer and Satellite Measurements 
The radiometer measurements (Table 4) were taken as four 
measurements separated by one or two feet to avoid any bias in 
sampling each test site. The four measurements were added together 
then divided by the number of measurements and calibrated by the 
measurement of the lambertian panel at the same site to get the final 
reflectance of each test site shown in Table 4. The final reflectance 
measurement is the averaged reflectance of those channels out of the 
255 total channels which, contain the same spectral bandwidth as 
the four Landsat TM bands. 
The Landsat 5 satellite has a sensor resolution of 30 by 30 
meters. Each pixel is precisely located m universal transverse 
mercator coordinates (Table 7). In order to obtain the spectral 
brightness values for the exact pixel that corresponds to each test 
site it was necessary to locate that site's position (Figure 8a-b) in the 
Imagery as shown in Table 5. 
A Magellan 5000 hand-held Global Positioning System (GPS) 
unit was used at each field site. The unit, with a locational resolution 
of 9 meters, obtained a geo-locational fix from orbiting satellites. 
These locations were then used to find the pixel locations in the 
Imagery. Table 7 illustrates the result of the geometric correction 
with an accuracy of 0.371%, which means 11.13 meters within a 
Landsat TM pixel. The geometric correction was performed using the 
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GPS measurements, because the existing maps do not have the 
required accuracy to conduct geometric correction. 
A total of nine pixels surrounding and including the target pixel 
"to maximize the selection accuracy of the targeted pixel" were used 
to provide an average spectral signature of that site's combination of 
surface features. These digital brightness values of the Landsat 
(Table 5) were compared to the measurements of the radiometer 
(Table 4) in Chart la-d. 
Chart 1 a-d shows two lines representing Landsat measurement 
at the upper line and the radiometer on the lower line. The upper 
line measurements are fluctuating between 22 Jlm at the lowest 
point, and 80 Jlm at the highest point in chart ld. The reason for the 
high range of difference, is that Landsat measures the wavelength of 
the earth's reflected energy m Micrometer (Jlm), the equivalent of 
1 0 ·6m. In the bottom of chart 1 a-d, the wavelength of the earth's 
reflected energy is measured by Nanometer (nm), the equivalent of 
1 0 ·9m, which limit the fluctuating range of the radiometer 
measurements between 0 to proximately 20 nm. Furthermore, the 
Landsat measures the earth's reflected energy from an altitude of 
705 km m space, and the radiometer measurements was taken from 
proximately 1 meter above the earth's surface. 
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2 ( 765905.0,3225208.0) ( 1351.5, 3044.5) ( 
65( 771133.0,3214849.0) ( 1560 . 5, 3458 . 5) ( 
15( 777673 . 0,3176534.0) ( 1822.5, 4991.5) ( 
63( 762127.0,3220759.0) ( 1200.5, 3222 . 5) ( 
29( 774724.0,3203934.0) ( 1704.5, 3895.5) ( 
57 ( 791702.0,3194367. 0) ( 2383.5, 4277. 5) ( 
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-0 .451, 
-0. 100, 
-0.411, 
0.136, 
0 .311, 
0. 239 , 
0 .397, 
0. 476, 
0.199, 
0. 472, 
0. 472, 
-0 . 478, 
-0 . 368, 
0.029, 
-0.4 75, 
0 . 320, 
-0 .119, 
-0.194, 
-0.366, 
-0 .251, 
0.268, 
0.268, 
0.308, 
-0 . 332, 
0.234, 
-0.0 13 , 
0.218, 
0. 27 3, 
-0 . 371, 
0. 148 , 
0.229, 
0.232, 
-0 . 211 , 
-0 .331 , 
0 . 063, 
-0. 095 , 
0 . 029, 
-0 .081, 
-0 .211, 
0.175, 
0.048, 
0.11 /. , 
-0 . 252, 
-0.223, 
-0.387) 
-0 . 494 ) 
->0' . 310) 
0.533) 
0.333) 
0. 501) 
0. 414) 
- 0.458) 
-0.327) 
-0 . 19 4) 
0. 467) 
·0.170) 
0 . 167) 
-0 .131) 
- 0.330 ) 
-o. 488> 
- 0.065) 
-0.354) 
0 . 454) 
-0 . 420) 
- 0.269) 
- 0.367) 
0 . 350) 
0. 326) 
0 . 275) 
0 . 234 ) 
0. 321) 
-0.394) 
0 . 320) 
- 0.265) 
0.037) 
0 . 334) 
-0.277) 
-0 .267) 
0.282) 
-0.086) 
0.332) 
0.312) 
0 . 316) 
-0 . 287) 
0 . 208) 
-0 .223) 
- 0 . 272) 
- 0 . 246 ) 
0 . 034) 
-0.121) 
Table 7: The GPS measurements applied on the scene with X 
and Y values of each pixel and the accuracy of the recording of 
the GPS. 
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8 ( 762324.0,3272579. 0) ( 12 08 .5, 1149.5) ( O.C37, 0. 249) 0.252 
22 ( 773318.0,3162677.0) ( 1648.5, 5545 .5 ) ( 0.247, 0 . 039) 0 . 250 
33( 759699.0,3254568. 0) ( 1103.5, 1869.5) ( 0.037 , -0.243) 0.24 6 
3 ( 763694.0,3228152.0) ( 1263.5, 2926.5) ( 0. 229, 0.047) 0 . 234 
52 ( 789522.0 , 3228555.0) ( 2296.5, 2910.5) ( O.l(lB, 0. 206) 0 . 232 
60 ( 809004.0,3191543 . 0) ( 3075.5, 439 0 . 5) ( - 0.1 '56, -0.128) 0.202 
16( 827979.0,3179469.0) ( 3834.5, 4873.5)( -0.146, 0 .125) 0.193 
32 ( 765298.0,3272594 . 0) ( 1327 . 5, 1148.5)( 0.074, -0 . 160) 0.176 
58 ( 797829.0,3194800.0) ( 2628.5, 4260.5) ( -0. 158, 0.068) 0 . 172 
40 ( 760495.0,3187301.0) ( 1135.5, 4560.5) ( 0. 160, -0. 056) 0 . 170 
12 ( 801000. o, 3199302. 0) ( 2755.5, 4080.5) ( 0 . 000, 0.1 60) 0.160 
36( 799424. o, 3278795 . 0) ( 2692.5, 900. 5) ( -0.031, -0 . 152) 0.15 5 
64 ( 751921.0,3213802. 0) ( 792. 5, 3500.5) ( 0 .130, 0.016) 0.13 1 
38( 801001.0, 3283849.0) ( 2755 . 5, 698. 5) ( - 0.122, 0.014) 0.123 
23( 811347.0 ,32 06122 . 0) ( 3169 . 5, 3807 . 5) ( 0 . 111, 0.015) 0.112 
25( 784425.0,3208903 . 0) ( 2092.5, 3696.5) ( - 0 . 006, 0.109 ) 0.109 
37 ( 804571.0, 3 277325.0) ( 2898.5, 959. 5) ( 0 . 077 , 0.050) 0. 092 
18 ( 810227.0,3174969.0) ( 3124.5, 5053 .5 ) ( -0.064 , -l).032) 0.072 
59( 808126.0,3193295. 0) ( 3040 .5, 432 0.5) ( -0.037, -0. 059) 0 . 070 
19 ( 802927. o, 3173446. 0) ( 2832.5, 5114.5)( -0.06 8, -0.010) 0.069 
55 ( 788649 . 0, 3199301.0) ( 2261.5, 4080 . 5) ( 0.037, 0.052) 0.064 
Residual plot (PIXEL): RMS=( 0 . 248, 0!276) 0 . 371 
+- ------------------+-------------------+ 
I I I 
I I I 
I I I 
I I I 
I 35 167 I 
I 2 4 I 56 62 I 
I 7 263 15 521 I 
I 4 8 4 I 8 4 62 7 I 
I . 16 12 10 I 
+--- ---- ----2847-38-+6422----------- - ---+ 
I 13 6542 363240 I 
I 66 391726 31 I 
I 6 49 571 11 I 
I 50 34 45 44 I 
I I I 
I I I 
I I I 
I I I 
I I I 
+--------------- ----+----------------- --+ 
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Figure Sa: Locations of the radiometer measurements on the 
1991 Landsat image (bands 4,3 and 2). 
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Figure 8b: Locations of the radiometer measurements on the 
unsupervised classifications of the 1991 Landsat image( bands 
1-5 and 7). 
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Chart I ( B): Comparison between the radiometer measure-
ments and the Landsat TM measurements in band 2. 
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Chart 1 ( C): Comparison between the radiometer measure-
ments and the Landsat TM measurements in band 3. 
·v pu1:1q u1 SlU~w~uns1:1~w W.L lt1Sput1'1 ~ql pu1:1 Slu~w 
-~lnS1:1~W l~l~W01Pl1l ~l{l u~~/l'\l~q UOSpt1dWO;) :(a ) I lll1l{:J 
BRIGHTNESS VALUES 
I\) w ~ (11 0) -....! ()) 
0 0 0 0 0 0 0 0 0 
Site 20 DR 
Site 21 DBr 
> t 
Site 22 DBr 
Site 23 OG 
Site 29 DB -
Site 30 OG JJ Ill 
a. 
Site 31 DG o· 
3 
Site 32 LG co 
-co 
Site 33 R 
..., 
:::1 
-Site 35 0 ..., Ill 
..., 
co 
n1 Site 36 G a. 
CJ) ro 
-4 Site 38 DB Ill :::1 
CJ) a. 
~ Site 39 0 
z Site 40 LB -- l 
f c :: Site 41 G tD m Site 42 Br :0 
Site 43 OG r 
Ill 
Site 44 R :::1 a. (/) 
Site 45 Br ~ 
-l 
Site 46 Br $: 
Site 55 DB 
CT 
Ill 
:::1 
Site 56 B a. ~ 
Site 57 B 
Site 58 DB 
Site 69 LB i 
Site 70 LB \ ------z 
Lr; 
58 
CHAPTER 8 
Result and discussion 
The cross-classification table (Table 4) of the field observations 
and the color classes of the unsupervised classification considered 
the surface class colors, which were produced by the unsupervised 
classification of the 1991 Landsat TM scene of southern Kuwait. The 
cross-classification compared four categories of surface properties, 
including surface color, type of surface (augmented by laboratory 
measurements of soil gram size), vegetation cover density, and 
amount of oil deposited on the surface. If a specific category missing, 
(for instance, if there was no evidence of oil deposits or oil lakes on 
the surface), the category of oil cover was eliminated. These are not 
represented in the cross-classification, and thus, will not have a 
representing charts. 
In the discussion of the satellite measurements, radiometer 
measurements and the cross-classification, there are two sets of data 
in parenthesis relating to particular sites. The first of these are the 
radiometer measurements for the four Landsat TM bands as shown 
in Table 3. These numbers represent the brightness values of the 
four composite bands of the radiometer corresponding to the Landsat 
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bands. They are listed in order from Band 1 to 4. The second data 
set in parenthesis represent the measure at the same location m the 
Landsat imagery (Table 5) bands 1-4. In addition, Charts 1 a-d 
illustrate the spectral behavior of different classes in various 
locations, where the surface cover, type and condition influenced the 
brightness value of both the radiometer and the Landsat TM 
measurements in all bands. 
The Blue Class 
The blue class IS the most abundant one on the west side of 
Min a Al-Zoor rest area, the east side of AI-W afra farms, and north of 
the road from the rest area at Mina Al-Zoor to the Al-Wafra farms . 
The active sand has covered some of this class where sand drifts, 
blown by the prevailing northwest wind, have covered the oil 
deposits (Chart 2). As a result, 20% of this class is listed as light 
yellow in soil color, indicating recent sand deposits. However, 80% of 
this class is listed as black surface, and 100% of the surface type 
category is soot or tarmat. 
In the third category, 100% of the sites in this class have sparse 
vegetation and 100% of the sites are listed as being affected by oil 
deposits. This class surrounds the edges of the dark brown class 
near burned oil wells. The result of plotting the TM data in four 
bands (Chart 1d) and the radiometer data shows at site 56 (3.3, 4.3, 
4, 8.65) (80, 36, 41, 32) and also site 57 as (3.5, 4.7, 4.4,10) (76, 33, 
60% 
SPARSE 
VEGETATION 
100% 
60 
UGI-fT 
YELLOW 
::;oar 
100°/. 
l~ 
c-oar 
100% 
Chart 2: Percentage of surface characteristics of the blue class. 
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38, 29). The brightness values of both measuring devices show low 
levels of reflectance for the blue class. 
The Brown Class 
The brown class is most visible at the south west corner of 
Kuwait where 25% was labeled as a surface color of light brown 
(Chart 3), which is the color of stable sand. 75% of the class has a 
color of tan yellow, which is also typical of a stabilized surfaces. The 
pebbly sandy granule category is 13%, and 13% of the sites being 
sand and 8% being sandy pebbly granule, and granular sand. 
Although there is not a clear definition of surface color, this class 
probably was spectrally unique due to the density of vegetation that 
was found where 33% of the sites show high concentration of desert 
vegetation. 
In the companson plot of the TM and SE-590 measurements, 
the brown class shows a mid-range fluctuating position as shown by 
site 42 with a brightness value of (3.5, 5.2, 5.3, 11.7) (104, 55, 72, 
60), site 45 with a brightness values of (5, 7 .34, 7 .35, 16.5) (1 08, 60, 
81, 70) and site 46 with a brightness values of (5, 7.5, 7.52, 17.7) 
(101, 53, 73, 63). 
This class is located on the west side of the main area of active 
sand. Also this part of the country is too distant for the two week 
spring break camping vacationers, which ties Kuwaitis to their 
BLACK 
13% 
BFOVvN 
13% 
TAN 
YELLOW 
25% 
62 
GRANUlAR 
SAND 
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PALE GRANUlAR 
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100% 
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Chart 3: Percentage of surface characteristics of the brown 
class . 
SAND 
37% 
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pastoral custom and heritage, but disrupts the native vegetation. In 
this class lies Abu Al-Fwares, a small hill or ridge that is made of 
calcrete and has been a landmark on route to Kuwait City in the 
past. 
The Dark Blue Class 
The dark blue class has been classified as oil lakes (Chart 4). 
100% of the class has a black surface. 17% of the sites show as tar 
mats which form the edge of the oil lakes. These edges used to be 
part of the oil lakes and were completely covered by oil. However 
due to evaporation or pumping of the oil, the lakes have shrunk 
leaving the edges covered with a heavy asphalt-like surface. The 
remaining 83% are occupied of oil lakes, clearly obvious to the naked 
eye. 100% of the vegetation in this class is damaged. The last 100% 
(the oil-affected category) shows the surface at all sites in this class 
is covered by crude oil. 
The result of the cross-classification explained the outcome of 
plotting the satellite and the radiometer data (Chart ld), where the 
lowest brightness value recorded was at test site 29 with brightness 
values of (0.71, 0.81, 0.68, 1.33), also (70, 28, 31, 24), and site 58 
with brightness values of (3, 4, 2.5, 5.41) (82, 39, 48, 40), test site 
55 with brightness values of (3.43, 4.4, 4.1, 9.1) (92,44, 51, 42), 
and 38 with a brightness value of (5.4, 8, 8, 18) (103, 54, 70, 59). 
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Chart 4: Percentage of surface characteristics of the dark blue 
class. 
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Site 38 shows higher brightness values because of the cover of 
active sand at the edge of some oil lakes creating a false hard-
looking surface. This occurs in all oil fields, but is most visible at Al-
Magwa, Al-Ahmadi and Al-Burgan oil fields south of Kuwait 
International Airport. 
The Dark Brown Class 
The dark brown class includes largest extent of airborne oil 
deposits and covers the desert surface stretching from the Al-
Magwa oil field to beyond the southern border of Kuwait. Field 
observations (Chart 5) indicate that 100% of this class is black, which 
results from heavy oil deposition measuring from 5 mm to 2 em m 
thickness. Also, 11% of the sites contain movmg sand, which covers 
the edges of this class, and 11% sandy mud, which is a result of rain 
water accumulating between sand drifts in low areas created by 
wind action. 67% of this site is composed of airborne oil deposits, 
while 11% is granular sand. 
This area was once rich in vegetation and was known as one of 
the most favored places in Kuwait for grazing. This is confirmed by 
field data in that 67% of the sites show damaged desert vegetation. 
In other areas of this class, there is some regrowth of vegetation, 
which is illustrated in the chart 5 as 11% sparse vegetation, and 22% 
as dense vegetation. Here, the vegetation has the chance to regrow 
away from vehicle movement and grazing animals. The reason being 
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that the site is located near oil gathering centers and the notse of the 
burning natural gas ( and the danger of being in the middle of mine 
fields in some locations ) gave desert vegetation a chance to grow. In 
addition, there is some speculation that the tar mat is trapping 
moisture that would otherwise evaporate and make it available for 
plant use. 
The surface of this class might take a very long time to shrink 
through the breakup of the tar mat by wind action or through being 
covered by sand. Naturally the oil-affectedness chart shows this class 
to be 100% affected by heavy oil deposits. 
Satellite and radiometer measurements indicate that this class 
ts the darkest after the dark blue class (oil lakes) as measured in the 
Landsat imagery. This can be seen in site 22 with brightness values 
of (3, 4, 3.6, 8.33) (67, 27, 29, 23), site 21 (3.4, 5.0, 4.5, 11.2), site 
42 (3.5, 5.2, 5.3, 12) (104, 55, 72, 60); in the cases of site 45 with 
brightness values of (5, 7.33, 7.35,16.5) (108, 60, 81, 70); and site 46 
with brightness values of (5, 7.5 ,7.52,17.7) (101, 53, 73, 63). These 
sites were located at the edge of this class between AI-Wafra town 
and the west side of the sooted area, where movement of sand has 
covered some of the soot, increasing the spectral responce. 
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Chart 5: Percentage of surface characteristics of the dark 
brown class. 
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The Dark Green Class 
The dark green class ts always associated with the light green 
class with which it shares some of the class characteristics. The cross-
classification (Chart 6) indicates that 25% of the sites exhibit a 
surface color of light yellow which is the color of active sand. Tan-
yellow is the color of 75% of the sites, and is also characterized as 
active sand based on field observations. 
The surface types include 25% as pebbly sand and the largest 
percentage in this category is 50% sand. Also, pebbly granule 
constitute 25% of all sites. 75% of the sites contain no vegetation. In 
some areas, however, this class has sparse vegetation, which makes 
up 25% of the class category. 
The plot of the satellite data compared with the radiometer 
data (Chart ld) shows one of the highest brightness values after the 
light green class, for example, at site 31 with brightness values of 
(6.1, 9.3, 9.3, 21.03) (114, 64, 86, 77). This class has no oil deposits. 
The same class exists in the unsupervised classification at scattered 
places along the edges of the of the light green class and at the 
northern and eastern side of the Al-Wafra animal production farms, 
off the road from Mina Abdullah to Al-Wafra. 
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class. 
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The Dark Red Class 
The dark red class is one of the largest in the study regton and 
covers a variety of areas such as Kuwait City and its suburbs. This 
class stretches from Al-Jahra town and the capital over the airport 
to the Mushrif area between the dark brown class and the Arabian 
Gulf shoreline to the border with Saudi Arabia. This class is always 
accompanied by the red class. 
The cross-classification (Chart 7) for surface color shows that 
67% of the sites are of a tan-yellow color and the other 33% are 
black, which occurs in areas near the oil-affected classes. Since this 
class parallels the coast from Kuwait City to the southern border, it 
is not surprising to see that this class is covering the main Sabkha 
areas in Kuwait. In fact, 67% of the sites appear as Sabkha surfaces. 
The remaining 33% shows granular sand and is reminiscent of areas 
of active sand carried by the northwest wind. The class shows 67% of 
no vegetation, possibly due to it's removal to make way for 
infrastructure or the beach houses that stretch from Mina Abdullah 
to Al-Khiran. The remaining 33% of the sites display typical plant 
species that grow in Sabkha areas. 
Typical vegetation ts found in this class between the Jal Al-Zoor 
rest area and Al-Wafra farms. For the oil affected class. 67% of the 
sites showed no oil affects. However, the 33% of the sites closest to 
the oil fields did show some effects of airborne oil deposits. 
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It is not surprising to see such a difference between satellite 
and radiometer measurements because of the variety of surface 
features in this class. Radiometer measurements may be below those 
expected for this site due to soil wetness at the time of the field 
investigation and due to atmospheric considerations at that time. For 
example, site 20 with brightness values (2.56, 3.8, 3.8, 8.9) (92, 45, 
54, 44) was classified as a Sabhka area following a winter rain. This 
contrasts strongly wi th satellite data acquired at the end of a dry 
summer season. 
The Green Class 
The green class occurs mostly north of Kuwait Bay surrounding 
the Jal Al-Zoor escarpment and between the dark brown class near 
Al-Rawdhatain oil field and Al-Jahra town. This class shows 20% of 
the sites having a soil color of light yellow (Chart 8), which can be an 
indicator of sand activity. However, 80% of the sites have a surface 
color of tan-yellow, which tends to represent stable sand. 
This class IS the only one with 40% surface type classed as 
quartzitic oolitic limestone mixed with sand and 40% calcrete. These 
are the most visible surface characteristics in the Kuwait Bay area. 
There is evidence of a granular sand in 20% of the sites. 
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Chart 8: Percentage of surface characteristics of the green class. 
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The area is sometimes used as a desert campground during the 
short two-weeks spring break. It falls between the Jal Al-Zoor 
escarpment and the shoreline of Kuwait Bay. It has less vegetation 
than may be expected because of surface disruption by vehicles. This 
is due to the ease of access by campers through the main road 
running below the escarpment. 
At the top of the Jal Al-Zoor escarpment there are roads, which 
were built by British oil companies before 1976 and access is much 
more limited. The varying levels of disturbance throughout this class . 
probably are caused by of the varying levels of vegetation. 40% of 
the sites have dense vegetation, but 40% have sparse vegetation and 
the remaining 20% has no vegetation in the comparison (Chart 1d). 
The green class falls within the middle range of all measured 
brightness values, as shown in site 36 with brightness values of 
(5.33, 7.7, 7.6, 17) (110, 60, 79, 68) and in site 41 with brightness 
values of (5, 7.3, 7.2, 15.8) (110, 60, 81,67). 
The Light Blue Class 
The light blue class is found in the unsupervised classification 
at the southwest corner of the country (surrounded by the orange 
class), and on the west side of Uraifjan naval artillery warehouse. 
The class (Chart 9) contains deposits of sand, of the light green class, 
especially close to the navy warehouse. 12% of the sites in this class 
have a yellow color, indicative of active sand, possibly in the 
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beginning stages of stabilization. 50% is light yellow, or active sand. 
The remaining 38% of this class has tan-yellow color, where the sand 
has had some time to stabilize. The 13% of the sites which has a 
surface type of calcrete occur west of the Kuwait Institute for 
Scientific Research experimental field. 
Other surface types found in this class are composed of 13% 
sandy pebbly granule, 12% sand, 12% pebbly granular sand, and 50% 
granular sand. The light blue class shows 25% sparse vegetation and 
75% with no vegetation . The satellite and the radiometer 
measurements indicate that this class is in the middle to high range 
of brightness values as in site 40 with brightness values of ( 4.6,4.8, 
6.8, 15.7) (107, 58, 76, 64), site 69 with brightness values of (4, 5.9, 
5.8, 12.3) (111, 60, 79, 69), and site 70 with brightness values of 
(4.9, 7.28, 7,26, 16.1) (109, 60, 78, 68). 
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Chart 9: Percentage of surface characteristics of the light blue 
class. 
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The Light Green Class 
The light green color represents the largest active sand class in 
the scene, stretching from northwest of the KISR experimental field 
to the border of Kuwait and Saudi Arabia. This class is bordered by 
the dark brown class on the east where the distribution of both 
classes is determined by the northwest wind, the dominant wind 
direction most of the year in Kuwait. 
in the cross-classification, the surface characteristics indicate m 
the cross-classification that 14% of the sites are a light yellow in 
color which is the color of active sand. 43% of the sites are yellow 
and 43% are tan yellow indicating strong fresh sand components. In 
addition, 100% of the sites are composed of sand, with no vegetation. 
The TM data show that this class has high reflectance due to active 
sand as in site 32, which has the highest brightness value (Chart 1d) 
in the comparison plot with brightness values of (6.1, 9.1, 9, 21.1) 
(118, 67, 91, 80). 
The Orange Class 
The orange class IS mostly distinguished by large areas 
containing sparse vegetation and is most commonly associated with 
the brown class. This class is located in the southwest corner of 
Kuwait surrounded to the southwest and the south by the border 
between Kuwait and Saudi Arabia. This class has 8% light brown 
color (Chart 11 ), that indicates an older, stable soil. 
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The result of the cross-classification of the orange class shows 
21% granular sand with 12% being pebbly granular sand. The 
unsupervised classification shows that this class exits between the 
brown class and the light blue class and has a dense vegetation in 
34% of the sites. 
Landsat TM data and the radiometer measurements show site 
35 with brightness values of (4, 6.1, 6.12, 14.1) (108, 59, 77, 67), 
site 39 with brightness values of (4.1, 6.33, 6.35, 14.4) (113, 61, 81, 
70). This could be considered a medium range of brightness when 
compared to the light green class, which had the highest brightness 
values or the dark blue class which had the darkest brightness 
values. 
The Olive Green Class 
The olive green class Is surrounded by the light blue class and 
by the dark green class in the area to the north of the Jal Al-Zoor 
escarpment. Also, this class is completely surrounded by the green 
class at other locations. Chart 12 shows 17% of the sites have a light 
yellow color, especially between Al-Burgan oil field where the 
dominant class is dark brown to the east and the light green to the 
west. 
In the surface color category the color tan-yellow occurs at 83% 
of the sites, especially to the south of the KISR experimental field. 
17% of the sites had a surface type of calcrete, which is one of the 
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Chart 12: Percentage of surface characteristics of the olive 
green class. 
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land characteristics in the area south of Al-Raudhatain oilfield. 17% 
of the sites had a surface type of sand which matches the 17% of the 
sites with light yellow color. 17% had granular sand, as in the area 
south of the KISR experimental field. The other two surface type 
characteristics shown for this site are 32% (the most dominant ) 
pebbly sand, as well as 17% sand pebbly granule. In the vegetation 
cover category, 67% of this class contains no vegetation, and only 33% 
of the olive green class has sparse vegetation. 
The measurements of the reflected light and radiation from 
the satellite and the radiometer (Chart 1d) shows that this class has 
medium to medium-high brightness values, where site 23 recorded 
brightness values of (5.7, 8.3, 8.1, 17 .5) (109, 60, 80, 72), site 30 
has brightness values of (6.1, 9.2, 9.22, 20.6) (110, 62, 83, 75) and 
site 43 has brightness values of (6.7, 9.6, 9.4, 20.8) (114, 63, 85, 72). 
The Red Class 
The red class ts the most dominant class in the Landsat TM 
image of Kuwait where the unsupervised classification technique was 
applied. It covers an enormous surface area in the scene where it 
stretches from Al-Jahra town to Kuwait City and the airport area, and 
from Mushrif town to beyond the Al-Nuaisib border point. This class 
can be clearly seen at the south side of Ahmad Al-Jaber Airbase, and 
also at the south side of Al-Wafra Animal production farms. 
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Chart 13: Percentage of surface characteristics of the red class. 
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Chart 13 shows that 14% of the sites m the red class have light 
yellow surface color caused by the presence of some active sand in 
different areas especially when the class is close to the light green 
class. The tan yellow color occupies 72% of the total sites and is one 
of the most significant characteristics in this class. It occurs, 
especially, when this class covers urban areas. This may be due to 
the fact that the arrival of new sand with brighter color is blocked by 
the infrastructure in urban areas. The following 14% with a brown 
surface color indicates the presence of stable areas in some areas 
within this class. 
In the category of surface type, analysis usmg the microscope 
indicated that 43% 1s sand with 14% quartzitic oolitic sand and 29% 
granule plain. 14% of the surface type is pebbly granular sand. This 
class contains diverse areas such as the Al-Ahmadi sea port and the 
surrounding oil storage tank farm and the Al-Shuaiba industrial area. 
That this class is diverse is also indicated by the vegetation 
cover measurements. 57% of the sites in this class had dense 
vegetation while 43% had no vegetation. The values of the digital 
numbers (Chart 1d) at site 33 were (3.4, 5.1, 5, 12.7) (96, 49, 61, 53) 
and are darker than the pixels at site 44 (5.5, 8.5, 8.7, 19.1) (113, 
63, 87, 77). 
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CHAPTER9 
Conclusion 
This study represent the most accurate characterization of 
desert surface features based on satellite data together with field 
measurements. The SE-590 radiometer was used to distinguish 
desert surface features m the southeast part of Kuwait m 
combination with Landsat Thematic Mapper (TM) data. The digital 
format of the Landsat TM data of Kuwait made it possible to isolate 
the boundaries of oil lakes, areas of airborne oil deposits, active 
sand, wet lands (Sabkha), and vegetated areas. 
The oil lakes were measured with great accuracy especially at 
site 29 and site 58 in Chart ld and are represented by the dark blue 
class. The dark brown class at sites 21 and 22 has the second lowest 
reflectance which is caused by extreme absorption of light due to the 
tar mat created by the deposition of airborne oil droplets and soot 
particles. The third oil affected concentration is represented by the 
blue class, which is the third in heavy cover by the oil. It shares 
reflectance characteristics with the dark brown class, as seen in sites 
56 and 57 on the satellite digital recording and the radiometer 
measurements. However, differences in degree of damage can be 
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determined by the measurable differences in the reflectance of the 
dark blue class, dark brown class, and the blue class. 
Measurements of other classes by both the satellite and the 
radiometer distinguish the degree of sand mobility as in site 32 from 
Chart 1 d, which is the light green class, with high reflectance of 
radiation. The latter is caused by the light color of the newly 
mobilized sand and the small size of the soil particles, creating less 
shadowed areas on the surface. Also, the dark green class and the 
olive green class have been recorded as the second and the third 
highest reflecting classes as in site 23, 31 and 43 because they too 
contain high levels of active sand. 
The green class was recorded by both instruments as middle to 
high reflectance on Chart 1d at site 36 and site 41. The behavior of 
middle to high reflectance is common to many classes with 
distinctive differences in the Landsat TM recordings and slight 
differences in the radiometer measurements as in site 35 and site 
39, which are two of the orange class test sites. 
Site 36 of the green class test sites shows slight differences on 
the SE-590 with site 38 from the dark blue. The latter is oil lakes 
that had been covered by moving sand and dust making a false hard 
surface, and causing greater reflectivity of light. Moreover, site 40 
from the light blue class, site 41 from the green class, and site 42 
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from the brown class are three sites on the chart which are 
distinguished by heavy desert vegetation cover as indicated by 
Chart 2-13 for this class. 
Other classes behaved differently from season to season as in 
site 20 from the dark red class where it covers a large area with a 
variety of surface features such as Sabkha, urban areas and some 
soot deposits. Also, it is natural to find some of the classes 
characterized by the reflectance of the Quaternary oolitic sand or 
calcrete as in site 69 and site 70 on the surface as in the light blue 
class. 
Fluctuations of· reflectance 1s common to different test sites 
throughout the scene such as the red class in site 33 and site 44 
depending on the surface type and condition. The representation of 
classes in Chart 1 a-d has been limited to sites that have GPS 
coordinates to locate the exact pixels. Also the SE-590 has been 
used at these test sites with data saved on the built-in tape deck. 
Eighty test sites were taken over the twelve classes and the cross-
classification results can be used as a reference, as explained in Chart 
2-13. 
The study has proved beyond doubt the effectiveness of 
utilizing Landsat reflectance data in conjunction with radiometer 
measurements m characterizing desert surface materials. 
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Establishment of the extent environmental damage to the surface of 
Kuwait due to the Gulf War is greatly aided by the application of this 
technique. 
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CHAPTER 10 
Recommendations 
Developments in remote sensmg science and technology allow 
the study and monitoring of the desert surface features. This makes 
desert related studies more affordable and practical, because it limits 
the necessary time and cost. There are numerous applications of 
remote sensing to monitor change in desert environments, in which 
water availability is a problem. For example, El-Baz (1988) had used 
remote sensing techniques to locate groundwater supplies in arid 
land regions. 
Desert regions are covered by large areas of moving sand, 
which, threatens irrigated farms, settlements, and industrial and 
military installations. The sand mobility creates dust storms in the 
Arabian Gulf region resulting from the strong (Shamal) 
northwesterly winds. Remote sensmg techniques allow the 
monitoring of sand transport by the wind. Also, an estimation of land 
use plan can be established in the Arabian Peninsula by locating 
appropriate areas for desert development and other areas with 
fertile soil for agricultural use. 
It is recommended that soil reflectance classification be 
completed for the total surface area of Kuwait. Soil reflectance 
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classification can be a base for the understanding the aridity cycles, 
and the limitation on human, animal, and plant survival in this 
environment. This is particularly true since remote sensing can be an 
effective tool to be used by scientists from different background in 
an interdisciplinary fashion. 
The establishment of a remote sensmg and geographic 
information system (GIS) unit at the Kuwait Institute for Scientific 
Research is capable of performing such studies. This would allow 
more Kuwaiti scientists to be trained on the remote sensmg 
applications to the desert environment. These Kuwaiti scientists 
would have better ability of implementing remote sensing 
applications to the desert environments than others familiar only 
with more humid environments. Kuwaitis come from a long chain of 
generations who lived in the desert. Their background in the desert 
can be an advantage beyond scientific thoughts. This advantage 
creates a better understanding of the relation between man and the 
dry environment for the creation of better living conditions in the 
desert environment for humans, animals and plants. 
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Appendix 
Field data were collected from 80 test site. In this section, 
Landsat TM and radiometer measurements are shown for site 20. 
The next page includes measurements of Landsat TM data in four 
bands and, in the following pages measurements of the radiometer, 
are given. The rest of the data has been saved in a computer disc and 
can be obtained from the author of this thesis. Only at 26 sites did 
the radiometer correctly record measurements and the Global 
Positioning System receive signals from the orbiting Satellites to 
locate accurately the test sites. 
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Landsat TM Bands Selected 9 Pixels Average 
Blue 88 90 91 92 
92 92 95 
93 95 95 
Green 41 43 46 45 
43 44 48 
45 45 48 
Red 52 53 58 54 
49 53 58 
52 56 58 
Near-Infrared 40 42 46 44 
40 43 49 
45 45 49 
FRST 9EOOND 
88 114 
105 8 7 
145 102 
157 122 
177 131 
187 14!1 
20!1 11111 
224 185 
238 1!15 
21111 224 
305 25& 
352 288 
417 33& 
4&0 382 
508 432 
563 471 
585 4117 
111!1 528 
&41 53!1 
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11111 eo II 
7011 1133 
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7110 e8o 
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842 774 
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!IIlli lloe 
10 18 !1114 
1011!1 1033 
1123 1083 
1155 1108 
11911 1153 
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12111 1221 
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1303 1280 
1330 1314 
1350 1333 
1373 1362 
1385 1380 
136!1 1362 
1388 138!1 
1414 1438 
1427 1455 
1445 1488 
1502 1538 
1511 15111 
RADIOMETER MEASUREMENT OF TEST~ 20 
THR) FOURllf LAMBERT1AN PANEL 
50 47 15118 
73 73 1!1 12 
!17 g 1 2248 
120 10!1 2544 
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2011 1!14 38!111 
240 232 4448 
282 273 5080 
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3118 34 0 &344 
405 381 &1128 
451 4211 7720 
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0 .06108134 
0.0&22834!1 
0.011 188472 
0.0625626!1 
0.0114258 
0.06477005 
0.06537!14 
0.061114078 
0 .0&7711873 
0 .068114273 
0.070325!1 
0.071!148!1 
0.07320112& 
0.07503934 
0 .07549618 
0 .077511152 
0.0784!195 
0 .07!144277 
0.0808011 
0.08133253 
0 .0821173 12 
0.083428!1 
0.084857 
0.085&17114 
0 .0861584!1 
0 .0871011111 
0.088&1301 
0.088711348 
0.081114017 
0.08!1!1688 
0 .0911 !1!132 
0 .0!1243122 
0 .09344952 
0.094378!17 
0.091104922 
0.0!16479911 
BAH OS 
Blue 
GrMn 
Red 
Infrared 
FER..ECTAHCE 
2.5511874003 
3.7936!11816 
3.7701203115 
8 .!1072311103 
\0 
-.....l 
1528 1587 1533 
15311 11!1 0 15•11 
153• 18111 1557 
1528 1621 1557 
15011 1825 15511 
1515 1838 15711 
15311 1670 1612 
1550 16117 111211 
1582 1737 11171 
18211 1794 1720 
1687 1852 1774 
111H 1852 1787 
111115 111011 1817 
1718 11151 1883 
1734 1980 1885 
17311 2018 11114 
1753 2041 1955 
1747 2048 1973 
1781 2071 111110 
17511 20115 2017 
1773 2131 2045 
1788 2172 2083 
1790 21611 2083 
1787 2182 20711 
1784 22 17 2116 
1772 2213 2114 
1791 2245 2142 
1788 2267 2181 
1797 221111 21118 
17711 23011 21115 
1811 2350 2238 
18 12 23511 2247 
1817 23511 228 0 
1817 2367 22611 
18411 2400 2302 
1830 2435 2314 
__1_~211 2420 22811 
1792 231111 2240 
1777 2342 2225 
1749 2304 2 195 
1713 22611 21113 
1703 2247 2142 
1888 2233 213. 
1877 2218 2128 
11170 2218 2118 
1872 2226 2117 
1681 22111 2105 
1867 2233 212 7 
1898 2270 2152 
1682 2246 2137 
11;9~ nu _ _ HH_ 
1•440 155 12 
1485 15432 
1475 16232 
1474 15184 
1481 14880 
1502 14824 
1528 14980 
1584 14872 
1804 15048 
1652 15272 
17011 15.80 
111118 15152 
1744 15392 
17110 15848 
1831 15584 
1881 15580 
1885 15584 
1914 15440 
11118 15232 
11130 151112 
111511 15232 
2000 15144 
2012 141lU 
20 18 147112 
2044 14768 
2050 14528 
2082 14832 
21011 14560 
2147 14544 
2141 14488 
2187 14592 
2208 14528 
2203 14378 
2222 14458 
2243 14592 
22411 14520 
2237 14360 
2201 14024 
2175 13824 
2147 13568 
21 17 13328 
2108 13232 
2094 13024 
2083 12904 
2078 12784 
2093 12880 
2077 12712 
20118 12832 
2128 13040 
21 12 12808 
~ 1 10 _ ___ 1;.>H!_ _____ 
0.098117511 
0.011984124 
0.10151328 
0.1017518• 
0.10372984 
0.10513357 
0 . 1011011911 
0.10825713 
0.10954944 
0.11123298 
0 . 11308 14 
0. 11490232 
0.11632666 
0.116114785 
0.11919278 
0 .12101542 
0.12248535 
0.1 2438H2 
0.1 27002311 
0.128373411 
0 .1 297433 
0.132775311 
0.13437667 
0 .13598587 
0.13815344 
0. 14022921 
0.14112903 
0.142110865 
0 .14501142 
0.14536168 
0.14706689 
0.14835148 
0.15018088 
0.1411117233 
0.1508 1335 
0.1511111725 
0.1 5271588 
0.15334427 
0.15406178 
0.15488381 
0.154974411 
0.15488986 
0.15642278 
0.15700558 
0 .1 5801001 
0.15737578 
0.158411198 
0 .1582567 
0.15605215 
0.151160728 
-- - - - ·----- -
_Q, 16038R_ 
\0 
00 
1883 2228 2123 2104 
11133 21115 20511 20311 
16011 2145 2033 2012 
11101 2141 2038 2011 
15117 2102 2002 1978 
1555 2082 1!178 11157 
1557 2092 19111 11188 
15411 20711 111711 19117 
1537 2068 11174 111 511 
15 111 2045 11155 11141 
1460 1lle7 1874 18115 
1440 111 111 1830 1812 
1380 1835 17110 1742 
1373 1820 1738 1727 
13311 17112 1705 111115 
1338 1758 11187 11175 
13114 1807 1723 1725 
14 111 1818 1735 1751 
1427 1840 1711 5 17117 
1435 1843 17711 17110 
1431 1843 17811 17110 
1410 1813 1732 1728 
1378 1752 11178 1678 
1351 1111111 11128 11133 
1312 11135 1568 15 74 
1287 15118 1543 15 40 
1337 1641 1585 1583 
1373 1692 1634 11114 
1404 172 1 111114 1650 
1428 1762 1702 1700 
14511 1802 17411 1757 
1480 1830 1783 17711 
1477 1831 1775 1785 
1472 1831 1788 171111 
1444 1782 1738 17311 
1312 111311 15114 1585 
1173 1438 1311 11 1398 
10711 1314 1278 1273 
1053 1270 1234 1232 
1045 1248 1220 1215 
11110 13811 1354 1354 
12112 1534 15011 14111 
1301 1590 1555 1551 
12811 15114 1552 1558 
1278 1570 1532 1534 
1254 1540 1502 141111 
12211 1505 141111 1472 
1211 14711 14411 1441 
1185 144 1 14 11 1405 
1170 14 18 13118 13113 
1_141 
-----
138 4 1::162 ·-~ti__ 
12884 
122111 
12048 
119711 
11872 
11608 
111172 
11576 
11488 
1121111 
10816 
10544 
99 711 
1181111 
11680 
11520 
11744 
11784 
111128 
118 111 
117110 
11552 
11248 
811311 
8600 
8384 
8528 
8752 
81152 
11064 
11280 
113118 
11448 
1121111 
11128 
8280 
71112 
85112 
11440 
6344 
1111118 
7704 
781111 
71104 
7800 
7592 
75110 
7312 
7144 
706 4 
·-- --~!I}L .. ---· 
------- --- -
0.16011 12711 
0.1111529911 
0 .111 1769511 
0.162113 778 
0.111107227 
0.16307719 
0.16338245 
0.1 11344111 
0.163117545 
0.111510269 
0.111563425 
0.111599488 
0.1118328911 
0.11181 111127 
0 .1 6867252 
0. 169590 34 
0.17051121 6 
0 .171708111 
0.17 12077 
0. 1736196 
0.1 7418033 
0.174111101 
0.17533521 
0. 1765611 
0.17700581 
0 .177115802 
0.1 801712 
0.18033021 
0.171182015 
0.18181818 
0.18230065 
0.1 83390211 
0.18120237 
0.18395009 
0.18358348 
0.18508454 
0.18788237 
0.1 875 
0.185908311 
0.18631778 
0.18861223 
0.187118676 
0.189874112 
0 .1 8955592 
0.18955128 
0 .19082587 
0. 187461193 
0.111057713 
0.19043953 
0. 19029587 
0,1~!5_84QL 
\0 
\0 
1130 1380 1348 
1118 1348 1325 
1079 1287 1272 
1028 1221 1203 
11711 11113 1144 
1144 1110 101l5 
935 lOll!! 1089 
930 1080 1084 
924 10811 1078 
1128 101l3 1072 
Ill !I 10114 10711 
1115 10711 10113 
1110 1074 10119 
8115 1051 10411 
8112 1020 101 4 
848 11112 1178 
818 11118 11110 
801 ll41 1148 
71l4 ll42 ll35 
71l0 928 ll21 
71l2 1128 1125 
788 1123 1120 
778 1112 921 
775 81l8 11011 
7115 8114 8114 
741l 872 870 
734 850 848 
701l 812 8 30 
8116 771 783 
835 728 732 
1104 885 889 
572 650 841l 
548 1115 1113 
532 51l8 802 
521 577 574 
41l8 557 558 
488 538 543 
4114 508 518 
440 480 488 
31l8 451 447 
345 380 3711 
21l7 327 320 
282 287 273 
234 248 250 
230 231 244 
223 230 240 
223 221l 232 
211l 231 228 
223 234 240 
227 . 2311 249 
229 242 250 
1348 11752 
1323 111132 
1268 11392 
1205 8008 
1143 56511 
1104 5520 
10711 53711 
1078 5378 
1081 5352 
1077 53112 
1073 5408 
10118 5320 
1068 5288 
1043 5200 
1015 5032 
988 41l20 
ll64 471l2 
1144 41158 
1135 4658 
ll28 4544 
1130 41148 
IIlii 4818 
920 4544 
1101 4512 
8110 4400 
878 4312 
844 4208 
81 8 4048 
783 38111 
728 3818 
!181l 3432 
680 3188 
1122 3058 
1101 2978 
570 2884 
558 2780 
543 2704 
514 2824 
41ll 2360 
444 2188 
375 1888 
321l 1584 
271 1328 
250 1184 
247 1240 
234 1188 
236 11118 
238 11118 
230 1188 
240 1200 
242 1218 
0.1927577 
0.111277744 
0 .1111 88048 
0.19 3783211 
0.111576556 
0.111261775 
0.1115268 
0.19401042 
0.1 11474028 
0 .111 33411111 
O.lll2261411 
0 .1 9384398 
0.19482791 
0.111399038 
0.194301144 
0.111329268 
0.111355175 
0.111512457 
0.19362113 
0 .1 962478 
0.19228701 
0.111226603 
0.111426717 
0.1112811l15 
O.lll5825 
0.1115321199 
0.111462928 
0.111559042 
0.19873742 
0.1 9503595 
0.111427448 
0.191173189 
0.19617147 
0.19598454 
0.1 11570531 
0. 1118487311 
0.111508138 
0. 11l01l21l88 
0.2001l5331l 
0 .20041513 
0 .1115444112 
0 .20011154 
0.201119548 
0.20892568 
0.11l11l3548 
0.1984181 
0 .1116111781 
0 .1115833511 
0 .1 9841111 
0.111833333 
0 .1979852 
..... 
0 
0 
223 245 2110 2&1 1304 0.1811&0811 
234 2511 262 2&11 1328 0.19277108 I 
2311 2&4 270 2&7 133& 0. 111461 078 
238 262 272 275 1304 0.20072853 
234 261 270 272 1280 0.2025390& 
225 252 2&5 2& 5 12111 0.20703125 
222 250 248 2611 1272 0.111437893 
220 247 252 257 12511 0.19426752 
212 23& 253 240 1272 0.1841144117 
207 227 240 244 11 eo 0.111784483 • 
201 21& 21& 228 1112 0.19357014 ; 
1110 213 214 2 111 10511 0.1117201144 I 
172 204 203 2011 10114 0.184445411 i 
170 1118 203 203 1008 0 .111 1116429' 
1115 1811 188 188 1152 0.1111701118 
1511 171 181 1711 11311 0 .1834113511 
147 165 171 174 832 0.111741587 
134 152 1111 1110 7118 0.1 11 75111 15 
1211 141 1411 141 712 0.19557584 
118 134 13& 143 1132 0.21004747 
111 120 127 1211 11114 0.18222892 
105 1111 115 114 57& 0. 11153125 
1111 104 102 114 5118 0.184411l0 1 
87 1111 101 96 45& 0.209117807 
-80 110 114 811 488 0.1808401& 0 
66 68 84 86 440 0.17272727 
-&2 82 711 7Q 408 0 .1 85041102 
58 80 1111 74 37& 0.18484043 
111 116 72 118 360 0.1 8541667 
57 57 &1 66 384 0.156110104 
411 53 56 511 320 0.111953125 
47 55 57 47 248 0.207661211 
48 50 51 57 248 0.207& 11 1211 
45 411 5& 47 272 0.18106618 
41 44 47 46 232 0.111 181034 
40 42 38 54 2511 0. 1&9921 88 
27 411 311 4 7 240 0.1625 
32 40 33 41 288 0.12673611 
211 3& 37 42 208 0.17307&92 
2& 25 38 35 184 0 .1 6847826 
40 23 311 32 152 0.22039474 
33 41 35 311 208 0. 17427885 
24 311 28 33 1711 0.17 1875 
25 33 20 3 5 1110 0. 17115625 
24 21 23 28 240 0 .1 
21 2& 28 211 1112 0.13151042 
111 26 27 23 1110 0. 1484375 
22 26 18 18 1&0 0. 1296875 
15 111 14 25 144 0.12&73 1111 
111 111 27 24 1711 0.1221 5 9011 
